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EXECUTIVE SUMMARY

Background and Applicable Standards
The James River (H39R-08) and the tidally influenced section of the James River (GO1E-

01) were initially listed in 1996 for violations of the fecal coliform (FC) standard.
Almond Creek was first listed on the 1998 303(d) Total Maximum Daily Load Priority
List and Report for fecal coliform standard violations. The Falling Creek, Goode Creek,
Powhite Creek and Reedy Creek segments were placed on the Virginia 2002 Section
303(d) Report on Impaired Waters for violations of the fecal coliform standards.
Bernards Creek, Gillie Creek, James River H39R-11, and No Name Creek were added to
the Virginia 2004 Section 305(b)/303(d) Water Quality Assessment Integrated Report.
Elevated levels of fecal coliform bacteria recorded at VADEQ ambient water quality
monitoring stations showed that these James River stream segments do not support the
primary contact recreation use. This study area combines rural, residential, and urban

land uses, with potential bacteria sources from pets, livestock, wildlife and humans.

TMDL Endpoint and Water Quality Assessment

Potential sources of fecal coliform include both point source and nonpoint source (NPS)
contributions. Nonpoint sources include: wildlife, grazing livestock, land application of
manure and biosolids, urban/residential runoff, failed and malfunctioning septic systems,
illicit cross-connections of residential wastes to the stormwater collection system, leaking
sewer lines, and uncontrolled discharges (straight pipes), and non-permitted sewer
overflows. When properly treated and applied to the land, biosolids are not a significant
source of bacteria to waterbodies. Permitted sources include: permitted waste treatment
facilities, domestic waste treatment systems, Combined Sewer Overflows (CSOs), and
Municipal Separate Storm Sewer Systems (MS4s). There are currently 12 active
permitted point sources in the watershed that are permitted for bacterial discharge. In
addition, there are 13 single-family general wastewater permits in the watershed. These
discharges are small (<1,000 g/day) and are expected to meet the E. coli standard. MS4
areas that drain to the James River — City of Richmond watersheds include portions of the
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City of Richmond, Henrico County, Chesterfield County, VDOT drainages, as well as 3

smaller permitted areas.

Fecal bacteria TMDLs in the Commonwealth of Virginia are developed using the E. coli
standard. For this TMDL development, the in-stream E. coli target was a geometric
mean not exceeding 126 colony-forming units per 100 milliliters of water sampled
(cfu/100 mL). A translator developed by VADEQ was used to convert fecal coliform

values to E. coli values.
Modeling Procedures

Hydrology
The US Geological Survey (USGS) Hydrologic Simulation Program - Fortran (HSPF)

water quality model was selected as the modeling framework to model hydrology and
fecal coliform loads in the riverine segments. CE-QUAL-W2 (Army Corps of Engineers,
2003) meets the requirements of modeling the tidal portion of this system, including: time
varying point and non-point sources, wind, tides, a first order decay-based general quality

constituent component and continuous simulation.

For purposes of modeling inputs to streamflow and in-stream fecal bacteria in the James
River — City of Richmond watershed, the drainage area was divided into 67
subwatersheds, with multiple segments per subwatershed (branch) in the CE-QUAL-W?2

model.

Hydrologic calibration was conducted during the development of Total Maximum Daily
Load Development for the James River and Tributaries — Lower Piedmont Region
(VADEQ, 2007a) and Total Maximum Daily Load Development for the Upham Brook
watershed (VADEQ, 2007b). The model was calibrated for hydrologic accuracy using
daily flow data from USGS Gaging Station 02037500 on the James River for the period
October 2000 through September 2003 for the James River and Tributaries — Lower
Piedmont Region. The calibration of stream flow in Upham Brook was performed using
daily flow data from USGS Gaging Station 02042426 on the Upham Brook for the period
October 1991 through September 1994. The changes made to the hydrologic parameters
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of the rural land uses in the James River and Tributaries — Lower Piedmont Region were
the same percent changes made to the hydrologic parameters of the rural land uses in
James River — City of Richmond. The same principles were followed when using the
changes to the urban land uses from the Upham Brook watershed.

Fecal Coliform

Wildlife populations, the rate of failure of septic systems, domestic pet populations, and
numbers of livestock are examples of land-based nonpoint sources used to calculate fecal
coliform loads. Also represented in the model were direct nonpoint sources of
uncontrolled discharges, direct deposition by wildlife, direct deposition by livestock, and
direct inputs from combined sewer overflows. Contributions from all of these sources

were updated to current conditions to establish existing conditions for the watershed.

The fecal coliform calibration was conducted using data collected at VADEQ monitoring
stations. For HSPF, a water quality calibration period of 10/1/1999 through 9/30/2003
was used in the model; the validation period was 10/1/2003 to 12/31/2006. The CE-
QUAL-W2 model was run from 10/6/1999 through 10/5/2000 for calibration of the tidal
segment of the James River. Both models provided a comparable match to the VADEQ
monitoring data, with output from the model indicating violations of both the
instantaneous and geometric mean standards throughout the impaired watersheds.

Load Allocation Scenarios

The next step in the bacteria TMDL process was to reduce the various source loads to
levels that would result in attainment of the water quality standard. Because Virginia’s E.
coli standard does not permit any exceedances of the standard, modeling was conducted
for a target value of 0% exceedance of the geometric mean standard. Scenarios were
evaluated to predict the effects of different combinations of source reductions on final in-
stream water quality. The final TMDL information is shown in Table ES.1. The final
reductions scenarios are shown in Table ES.2. Alternative E refers to the preferred
implementation of the City of Richmond’s Phase III Combined Sewer Overflow (CSO)
Control Plan (Greeley and Hanson, 2006 and Appendix E, Figure E.1).
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Table ES.1  Average annual in-stream cumulative E. coli loads (cfu/year) modeled
after allocation in the James River — City of Richmond impairments.

Existing  Percent

; 1
Impairment WLA LA MOS TMDL Load  Reduction
Almond Creek 4.39E+12 2.28E+12 6.67E+12 1.99E+13 66.5%
VAG404029 * 1.74E+09
) ) )
st Cly o imond 1 aae+io
H 2
MS4 Henrico County 1 * 1 18g+12
VA0063177: CSOs ® 3.08E+12
Future Load * 6.67E+10
Bernards Creek 1.67E+12 1.65E+14 1.67E+14 3.64E+14 54.1%
Future Load * 1.67E+12
Falling Creek 1.64E+13 7.92E+13 9.56E+13 1.24E+14 22.8%
VAG404238 1 1.74E+09
MS4 Defense Supply
Center — Richmond ? 5.60E+10
) ) )
M54 (,\:/:tsao\‘;ggmo”d } 1.79E+12
s 2
MS4 CF/?;e\r;ggiTCounty 1 36E+13
Future Load * 9.56E+11
Gillie Creek 2.93E+12 3.36E+12 6.29E+12 8.71E+13 92.8%
) ) )
L f/:tsao\‘;gggmond } 6.28E+10
H 2
MS“IG'ST\'/CSSTO“”W 5.78E+11
VA0063177: CSOs ® 2.23E+12
Future Load * 6.29E+10
Goode Creek 252E+12 3.10E+12 5.62E+12 7.42E+13 92.4%
i ) )
MS4 ﬁgﬁo\igg?mond } 2. 27E+12
MS4 McGuire Hospital 2 1.98E+11
Future Load * 5.62E+10
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Table ES.1  Average annual in-stream cumulative E. coli loads (cfu/year) modeled
after allocation in the James River — City of Richmond impairments
(continued).
. 1 Existing  Percent
Impairment WLA LA MOS TMDL L oad Reduction
NoName Creek 4.66E+11 1.15E+12 1.61E+12 1.21E+13 86.7%
MS4 Defense Supply
Center — Richmond ? 1.238+11
MS4 Chesterfield County Y 2
MS4 VDOT 3.27E+11
Future Load * 1.61E+10
Powhite Creek 3.34E+12 3.31E+14 3.34E+14 1.21E+15 72.3%
VAG404219 1 1.74E+09
Future Load * 3.34E+12
Reedy Creek 6.117E+13 1.183E+14 1.795E+14 1.797E+14 0.1%
MS4 City of Richmond 7 2
o } 5.836E+13
MS4 Chesterfield County 7Y 2
MS4 VDOT 2.596E+12
Future Load * 2.154E+11
James River (lower)
impaired 3.06E+15 3.40E+15 6.46E+15 254E+17 97.5%
(VAP-H39R-08)
VA0024163 * 3.48E+10
VA0027910 ¢ 1.74E+11
VA0063649 * 6.97E+09
VA0090727 ¢ 4.36E+11
MS4 City of Richmond < ?
VDO } 1.79E+13
MS4 Chesterfield County 7Y 2
MS4 VDOT 1.98E+13
MS4 Henrico County 2
MS4 VDOT 3.50E+13
VA0063177: CSOs * 2.99E+15
Future Load * 2.39E+12
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Table ES.1  Average annual in-stream cumulative E. coli loads (cfu/year) modeled
after allocation in the James River — City of Richmond impairments
(continued).

Existing  Percent

H 1
Impairment WLA LA MOS TMDL Load  Reduction
James River (tidal) 0
(VAP-GO1E-01) 6.98E+14 1.84E+14 8.82E+14 1.38E+15  36.2%

VA0002780 1° 5.23E+12
VA0003077 ¢ 1.74E+12
VA0024163 * 2.61E+10
VA0024996 * 1.76E+13
VA0027910 * 1.22E+11
VA0028622 * 1.57E+11
VA0060194 * 4.70E+13
VA0063177 * 4.44E+14
VA0063649 * 6.27E+09
VA0063690 * 1.31E+14
VA0066494 * 2.61E+10
VA0090727 ¢ 4.36E+11
VA0085499 * 7.00E+12
VAG404078 * 1.74E+09
VAG404208 * 1.74E+09
VAG404145 * 1.74E+09
VAG404175 * 1.74E+09
VAG404201 * 1.74E+09
VAG404224 * 1.74E+09
VAG404223 * 1.74E+09
VAG404029 ! 1.74E+09
VAG404247 * 1.74E+09
VAG404224 1 1.74E+09
VAG404033 * 1.74E+09
VAG404248 * 1.74E+09
MS4 Defense Supply Center 2 4.49E+10
MS4 John Tyler Com. Coll. 5.03E+09

MS4 City of Richmond 2
VDO } 9.43E+11

MS4 Chesterfield Count 2
e AVEOT y } 2.65E+12

MS4 Henrico Count 2
Neggpace y } 1.36E+12
VA0063177: CSOs ® 3.04E+13
Future Growth * 8.82E+12

! Any issued permit will include bacteria effluent limits in accordance with applicable permit guidance and
will ensure the discharge meets the applicable numeric water quality criteria for bacteria at the end-of-pipe.
2 Each of the municipality MS4 loads has been aggregated with a portion of the adjacent VDOT MS4 load,
due to the continuity of the system. For MS4/VSMP permits, the permittee may address the TMDL WLASs
for stormwater through the iterative implementation of programmatic BMPs.

® The WLA associated with the combined sewer system will be addressed through the performance
standards for the facilities in the approved Long Term Control Plan (LTCP). If WQSs are not attained after
the completion of CSO LTCP as determined by post-construction monitoring, additional steps may be
required per EPA CSO Policy at IV.B.2.g.

*The WLA reflects an allocation for potential future permits issued for bacteria control.

> Facility currently operating at Tier 1 — industrial discharge, which is not believed to contribute bacteria.
Upon the issuance of a CTO for Tiers 2 & 3, the municipal discharge WLA of 3.0 MGD will apply.
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Table ES.2  Final allocations scenarios for the James River - City of Richmond
impairments to meet the 126 cfu/100mL E. coli geometric mean

standard.
Percent Reductions to Sources of E. coli bacteria
& Barren, S o =2 g City of
Stream S @ Commercial, £ @ Cropland, > § 2 H;Jg?_r;ra:gd Richmond’s
E A Forest, HIR, $ F Pasture, LAX E&85 Based (IR) Long Term
Wetlands - ZN S Control Plan
Alternative E
Almond Creek 0 0 91 0 100 85 and a 52%
reduction
Bernards Creek 0 38 99 93 100 96 NA
Falling Creek 0 0 0 0 100 13 NA
Alternative E
Gillie Creek 0 0 0 0 100 94 and a 95%
reduction
Goode Creek 0 0 0 100 96 NA
No Name Creek 0 0 0 100 94.5 NA
Powhite Creek 0 0 40 0 100 86 NA
Reedy Creek 0 0 0 0 100 0 NA
James River 63 96 99 100 99 Alternative E
(lower)
James River 0 0 0 100 0 Alternative E
(tidal)

Implementation

The goal of the TMDL program is to establish a three-step path that will lead to
attainment of water quality standard. The first step in this process is to develop TMDLSs
that will result in meeting water quality standard. This report represents the culmination
of that effort for the impairments in the James River — City of Richmond watershed. The
second step is to develop a TMDL implementation plan (IP). The final step is to
implement the TMDL IP and to monitor stream water quality to determine if water

quality standards are being attained.

While section 303(d) of the Clean Water Act (CWA) and current United States
Environmental Protection Agency (EPA) regulations do not require the development of

TMDL implementation plans as part of the TMDL process, they do require reasonable
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assurance that the load and wasteload allocations can and will be implemented. Once a
TMDL IP is developed, VADEQ will take the plan to the State Water Control Board
(SWCB) for approval for implementing the pollutant allocations and reductions contained
in the TMDL. Also, VADEQ will request SWCB authorization to incorporate the TMDL
implementation plan into the appropriate waterbody. With successful completion of
implementation plans, Virginia begins the process of restoring impaired waters and

enhancing the value of this important resource.

In general, Virginia intends for the required reductions to be implemented in an iterative
process that first addresses those sources with the largest impact on water quality. For
example, to address the bacteria TMDL, reducing the human bacteria loading from
straight pipes and failing septic systems should be a primary implementation focus
because of the health implications. This component could be implemented through
education on septic tank pump-outs as well as a septic system installation/repair program.
Livestock exclusion from streams has been shown to be very effective in lowering
bacteria concentrations in streams, both by reducing the direct cattle deposits and by
providing additional riparian buffers. Reduced trampling and soil shear on streambanks

by livestock has been shown to reduce bank erosion.

In some streams for which TMDLs have been developed, factors may prevent the stream
from attaining its designated use. In order for a stream to be assigned, a new designated
use, or a subcategory of a use, the current designated use must be removed. The state
must also demonstrate that attaining the designated use is not feasible. Information is
collected through a special study called a Use Attainability Analysis (UAA). All site-
specific criteria or designated use changes must be adopted by the SWCB as amendments
to the water quality standards regulations. During the regulatory process, watershed
stakeholders and other interested citizens as well as EPA will be able to provide comment

during this process.

Public Participation

During development of the TMDL for the impairments in the James River — City of

Richmond study area, public involvement was encouraged through a kickoff meeting
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(4/4/2006, 15 attendees), a TAC meeting (7/25/2006, 20 attendees), a first public meeting
(712512006, 34 attendees), two final public meetings (3/10/2009, 30 attendees in the
afternoon; 17 attendees in the evening), and a supplemental public meeting to discuss
changes resulting from public comments (6/30/2010). An introduction of the agencies
involved, an overview of the TMDL process, details of the pollutant sources, and the
specific approach to developing the James River — City of Richmond TMDLs were
presented at the first of the public meeting. Public understanding of and involvement in,
the TMDL process was encouraged. Input from this meeting was utilized in the
development of the TMDL and improved confidence in the allocation scenarios. The
final model simulations and the TMDL load allocations were presented during the final
public meeting. There was a 30-day public comment period after the final public
meeting. Nine groups sent written comments, which were addressed in the final
document. A supplemental meeting was held to discuss the changes in the document that
resulted from comments received. This meeting was followed by an additional 30-day

comment period.
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1. INTRODUCTION

1.1 Background

The Clean Water Act (CWA) that became law in 1972 requires that all U.S. streams,
rivers, and lakes meet certain water quality standards. The CWA also requires that states
conduct monitoring to identify waters that are polluted or do not otherwise meet
standards. Through this required program, the state of Virginia has found that many
stream segments do not meet state water quality standards for protection of the six
beneficial uses: recreation/swimming, aquatic life, wildlife, fish consumption, shellfish

consumption, and public water supply (drinking).

When streams fail to meet standards, Section 303(d) of the CWA and the U.S.
Environmental Protection Agency’s (EPA) Water Quality Management and Planning
Regulation (40 Code of Federal Regulation (CFR) Part 130) both require that states
develop a Total Maximum Daily Load (TMDL) for each pollutant. A TMDL is a
"pollution budget" for a stream; that is, it sets limits on the amount of pollution that a
stream can tolerate and still maintain water quality standards. In order to develop a
TMDL, background concentrations, point source loadings, and nonpoint source loadings
are considered. A TMDL accounts for seasonal variations and must include a margin of
safety (MOS).

Once a TMDL is developed and approved by EPA, measures must be taken to reduce
pollution levels in the stream. Virginia’s 1997 Water Quality Monitoring, Information
and Restoration Act (WQMIRA) states in section 62.1-44.19:7 that the “Board shall
develop and implement a plan to achieve fully supporting status for impaired waters”.
The TMDL Implementation Plan (IP) describes control measures, which can include the
use of better treatment technology and the installation of best management practices
(BMPs), which should be implemented in a staged process. Through the TMDL process,
states establish water-quality based controls to reduce pollution and meet water quality

standards.

The study area for this project is the part of the James River that flows through the City
of Richmond and the impaired tributaries within this watershed (Figure 1.1). This area is
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contained within USGS Hydrologic Unit Codes 02080205 and 02080206. The study area
includes portions of Virginia's Chesterfield, Powhatan, Goochland, and Henrico counties.
The Virginia Department of Environmental Quality (VADEQ) has identified all of these
segments as impaired with regard to fecal bacteria. For the purposes of this report, this

watershed shall be referred to as the James River — City of Richmond.
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Figure 1.1  Location of the James River — City of Richmond study area
watershed.

Table 1.1 lists, for each impairment, the type of impairment, the VADEQ water quality
monitoring station used for impaired waters assessment, the initial year that the segment
was listed in the Section 303(d) list, current miles affected in the 2004 listing, fecal
coliform violation rates in the 2002 and the 2004 lists, and the location of listing. Figure

1.2 shows the current impaired segments.
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The James River (H39R-08) and the tidally influenced section of the James River (GO1E-
01) were initially listed in 1996 for violations of the fecal coliform (FC) standard.
Almond Creek was first listed on the 1998 303(d) Total Maximum Daily Load Priority
List and Report for fecal coliform standard violations. The Falling Creek, Goode Creek,
Powhite Creek and Reedy Creek segments were placed on the Virginia 2002 Section
303(d) Report on Impaired Waters for violations of the fecal coliform standards.
Bernards Creek, Gillie Creek, James River H39R-11, and No Name Creek were added to
the Virginia 2004 Section 305(b)/303(d) Water Quality Assessment Integrated Report.
Elevated levels of fecal coliform bacteria recorded at VADEQ ambient water quality
monitoring stations showed that these James River stream segments do not support the

primary contact recreation use.

While this study area combines rural, residential, and urban land uses, another source of
fecal bacteria in this area originates from the urban infrastructure. As in many older
cities in the U.S., areas of Richmond have a combined sewer system. A combined sewer
system is designed to carry both sewage and storm water to the treatment plant
simultaneously. This means that although much of the urban storm water is treated at the
sewage treatment plant, when a large rainfall or snowmelt occurs, water flow in this
network of pipes increases dramatically, and can exceed the maximum capacity of the
sewer systems. Therefore, to avoid toilets and sinks overflowing with raw sewage, the
sewer systems are designed to overflow the excess water directly into bodies of water
without treatment. This type of event is referred to as a Combined Sewer Overflow
(CSO) and can discharge high concentrations of fecal bacteria to the receiving stream(s).
The Almond Creek (GO1R-02), Gillie Creek (GO1R-06), and James River (H39R-08,
GO1E-01) impairments are each impacted by CSOs.

Originally, for the purposes of this TMDL, the James River main stem was divided into
three impaired segments with an upstream reach that was not impaired (See Table 1.1).
During the development of this project, subsequent updates to the 303(d)/305(b) impaired
waters lists have been completed. The updates include James River segments, which

have been removed from the list.
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A James River upper segment (known as VAP-H39R-11) was delisted in 2006 by
meeting the primary contact recreational use. Later, a portion of the James River lower
segment (VAP-H39R-08) was delisted in 2008 by meeting the primary contact
recreational use. This lower delisted segment flows from the Williams’ Island Dam to

the Boulevard Bridge. The updated current impaired segment description is from the

Boulevard Bridge to the fall line.

Riverine Impairments
Almond Creek
Bernards Creek
Falling Creek
Gillies Creek
Goode Creek

/\./ James River

‘/\/ No Name Creek

Powhite Creek

Reedy Creek
Nﬂdal Impairments
/\/ Streams
Waterbodies

Swamp / Marsh
Il Water
[] watershed Boundary
[ County Boundaries

f\ﬂ 5
| ,

T S

Figure 1.2 2004 Impaired stream segments in the James River — City of
Richmond study area.
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Table 1.1 Fecal coliform impairments on the 2004 Section 305(b)/303(d) Water Quality Integrated Report within the
James River — City of Richmond study area.
Initial River 2002 303(d) 2004 303(d)
Stream Name Listing Station Listin Length List FC List FC L ocation
HUP ID(s) Yearg Affected  Violations/ Violations/
(miles) Total Samples Total Samples
Almond Creek From its headwaters to its mouth at the James
VAP-G01R-02 2-ALM000.42 1998 2.26 5127 12/29 River, including unnamed tributaries
Bernards Creek .
VAP-H39R-10  2"BOR0001.73 2004 6.97 NA 7/30 Mainstem of Bernards Creek
Falling Creek From the Falling Creek Reservoir Dam to
VAP-G01R-03 2-FAC000.85 2002 3.81 8/47 10/49 confluence with James River
Gillie Creek From its headwaters to its mouth at the James
VAP-GO1R-06 2-GI1L000.42 2004 5.79 NA 2/9 River
Goode Creek From the confluence with Broad Rock Creek
VAP-G01R-01 2-GOD000.77 2002 1.23 12721 14/20 to its mouth at the James River
James River (upper) The mainstem of the James River between the
H39R-11 2-JMS117.35 2004 10.06 NA 6/46 confluence of Tuckahoe Creek and William's
DELISTED Island Dam
James River (lower) S . .
VAP-H39R-08 ~ 2-JMS11529 1996  3.05 9/30 - William's 'S'agguﬁ’:\;‘;rzt e g“"e 116.30t0
DELISTED g
James River (lower) Boulevard Bridge to the fall line at Mayos
VAP-H39R-08 2-JMS112.79 1996 2.99 9/30 -- Bridge
James River (tidal) 10.84 sq. _ . From the fall line at Mayos Bridge
VAP-G01E-01 2-JMS110.31 1996 mi. downstream to the Appomattox River
No Name Creek 2-X1€000.08 212 Unnamed Trib to James River (a.k.a. No
VAP-G01R-08 2-XUH000.01 2004 183 NA n Name Creek) mainstem and tribs
2-XU10000.01 2/2
Powhite Creek From its headwaters to its mouth at the James
\VAP-H39R-05 2-PWT000.57 2002 8.12 3/19 6/28 River
Reedy Creek From its headwaters to its mouth at the James
VAP-H39R-06 2-RDD000.19 1998 3.68 8/26 7/18 River
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2. TMDL ENDPOINT AND WATER QUALITYASSESSMENT

2.1 Applicable Water Quality Standards
According to 9 VAC 25-260-5 of Virginia's State Water Control Board Water Quality Standards,

the term "water quality standards" means "...provisions of state or federal law which consist of a
designated use or uses for the waters of the Commonwealth and water quality criteria for such
waters based upon such uses. Water quality standards are to protect the public health or welfare,
enhance the quality of water and serve the purposes of the State Water Control Law and the
federal Clean Water Act.”

As stated in Virginia state law 9 VAC 25-260-10 (Designation of uses),

A. All state waters, including wetlands, are designated for the following uses:
recreational uses, e.g., swimming and boating; the propagation and growth of a
balanced, indigenous population of aquatic life, including game fish, which might
reasonably be expected to inhabit them; wildlife; and the production of edible and
marketable natural resources, e.g., fish and shellfish.
¢

D. At a minimum, uses are deemed attainable if they can be achieved by the imposition of
effluent limits required under 88301(b) and 306 of the Clean Water Act and cost-effective
and reasonable best management practices for nonpoint source control.

Virginia adopted its current E. coli and enterococci standards in January 2003 and they were
updated in 2009. E. coli and enterococci are both bacteriological organisms that can be found in
the intestinal tract of warm-blooded animals; there is a strong correlation between these and the
incidence of gastrointestinal illness. Like fecal coliform bacteria, these organisms indicate the

presence of fecal contamination.

The criteria which were used in developing the bacteria TMDL in this study are outlined in

Section 9 VAC 25-260-170 (Bacteria; other recreational waters) and read as follows:

A. The following bacteria criteria (colony forming units (cfu)/100mL) shall apply to
protect primary contact recreational uses in surface waters, except waters identified in
subsection B of this section:
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E. coli bacteria shall not exceed a monthly geometric mean of 126 cfu/100mL in
freshwater. Enterococci bacteria shall not exceed a monthly geometric mean of 35
cfu/100mL in transition and saltwater.

1. See 9VAC25-260-140 C for boundary delineations for freshwater, transition and
saltwater.

2. Geometric means shall be calculated using all data collected during any calendar
month with a minimum of four weekly samples.

3. If there [are] insufficient data to calculate monthly geometric means in freshwater,
no more than 10% of the total samples in the assessment period shall exceed 235 E.
coli cfu/100mL.

4. If there [are] insufficient data to calculate monthly geometric means in transition and
saltwater, no more than 10% of the total samples in the assessment period shall
exceed enterococci 104 cfu/100mL.

5. For beach advisories or closures, a single sample maximum of 235 E. coli cfu/100mL
in freshwater and a single sample maximum of 104 enterococci cfu/100mL in
saltwater and transition zones shall apply.

B. The following bacteria criteria per 100mL (cfu/100mL) of water shall apply to protect
secondary contact recreational uses in surface waters:

E. coli bacteria shall not exceed a monthly geometric mean of 630 cfu/100mL in
freshwater. Enterococci bacteria shall not exceed a monthly geometric mean of 175
cfu/100mL in transition and saltwater.

1. See 9VAC25-260-140 C for boundary delineations for freshwater, transition and
saltwater.

2. Geometric means shall be calculated using all data collected during any calendar
month with a minimum of four weekly samples.

3. If there [are] insufficient data to calculate monthly geometric means in freshwater,
no more than 10% of the total samples in the assessment period shall exceed 1173 E.
coli cfu/100mL.

4. If there [are] insufficient data to calculate monthly geometric means in transition and
saltwater, no more than 10% of the total samples in the assessment period shall
exceed enterococci 519 cfu/100mL.

5. Where the existing water quality for bacteria is below the geometric mean criteria in
a water body designated for secondary contact in subdivision 6 of this subsection that
higher water quality will be maintained in accordance with 9VAC25-260-30 A 2.
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2.2 Selection of a TMDL Endpoint

The first step in developing a TMDL is the establishment of in-stream numeric endpoints, which
are used to evaluate the attainment of acceptable water quality. In-stream numeric endpoints,
therefore, represent the water quality goals that are to be achieved by implementing the load
reductions specified in the TMDL. For the bacteria impairments in the James River — City of
Richmond study area, the applicable endpoints and associated target values can be determined
directly from the Virginia water quality regulations. In order to remove a waterbody from a
state’s list of impaired waters, the Clean Water Act requires compliance with that state’s water

quality standard.

Since modeling provided simulated output of E. coli concentrations at 1-hour intervals, the
assessment of TMDLs was made using the geometric mean standard of 126 cfu/100 ml.
Therefore, the in-stream E. coli target for this TMDL was a monthly geometric mean not
exceeding 126 cfu/100 ml. The tidal fresh impaired segment of the James River (VAP-GO1E-
01) is not an estuary, as it does not receive salt water, however for modeling purposes this
segment is hydrologically affected by the tides. Therefore, it must meet the E. coli standard

above, rather than the Enterococci standard.

2.3 Discussion of In-stream Water Quality

This section provides an inventory and analysis of available observed in-stream fecal coliform
monitoring data in the watershed of the James River — City of Richmond study area. An
examination of data from water quality stations used in the 303(d) assessment was performed
and data collected during TMDL development were analyzed. Sources of data and pertinent

results are discussed.

2.3.1 Inventory of Water Quality Monitoring Data

The primary sources of available water quality information are:

= Bacteria enumerations from 85 VADEQ in-stream monitoring stations,

= Bacteria enumerations from 17 sites in the James River, monitored for permit compliance

purposes,
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= Bacteria enumerations from 7 citizen monitoring sites in Reedy Creek and one in Crooked

Branch, and

= Bacterial source tracking at 15 VADEQ stations.

2.3.1.1 VADEQ Water Quality Monitoring for TMDL Assessment

Data from in-stream water samples, collected at VADEQ monitoring stations from January 1990
through January 2006 (Figure 2.1), were analyzed for fecal coliform (Table 2.1). Samples were
taken for the purpose of determining compliance with the state instantaneous standard limiting
concentrations to 400 cfu/100 mL or less. As a matter of economy, samples showing fecal
coliform concentrations below 100 cfu/100 mL or in excess of a specified cap (e.g., 8,000 or
16,000 cfu/100 mL, depending on the laboratory procedures employed for the sample) were not
analyzed further to determine the precise concentration of fecal coliform bacteria. The result is
that reported values of 100 cfu/100 mL most likely represent concentrations below 100 cfu/100
mL, and reported concentrations of 8,000 or 16,000 cfu/100 mL most likely represent
concentrations in excess of these values. E. coli samples were also collected to evaluate
compliance with the state’s current bacterial standard. Tables 2.2 and 2.3 summarize the fecal
coliform and enterococci samples collected at the in-stream monitoring stations. The tables are
arranged in alphabetical order by stream name then from upstream to downstream station
location. Additionally, Appendix A presents the data graphically in a frequency analysis of fecal

coliform concentrations.
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Monitoring Station
Riverine Impairments
Almond Creek
Bernards Creek
Falling Creek
Gillies Creek
Goode Creek
James River
No Name Creek
Powhite Creek
Reedy Creek
Tidal Impairments
Streams
Waterbodies
Swamp /Marsh
Il Water
[] Watershed Boundary
[] County Boundaries

V(\J_\s 0 5 Miles Hope
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Figure 2.1  Location of VADEQ water quality monitoring stations in the James River
— City of Richmond study area.
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Table 2.1

Summary of fecal coliform (cfu/100 mL) data collected by VADEQ from April 1970 - August 2007.

Standard Violation

Stream Station Date Count Minimum Maximum Mean Median L
Deviation %
Almond Creek 2-ALMO000.42 5/72 —-5/03 265 20 16,000 2,009 500 2,502 52
Bernards Creek 2-BOR001.73 8/97 - 5/03 36 18 7,100 647 100 1,628 19
Broad Branch 2-BOD002.19 8/01 - 5/03 11 100 3,100 809 200 1,013 36
Cornelius Creek 2-CEL001.00 11/20/2001 1 100 100 NA NA NA 0
Deep Run 2-DPR004.38 6/03 - 3/04 10 50 2,000 983 725 915 60
Deep Run 2-DPR002.46 7/97 - 3/04 60 25 16,000 1,925 545 3,601 53
Deep Run 2-DPR001.00 6/01 - 5/03 14 100 8,000 1,007 100 2,236 29
Falling Creek 2-FAC009.46 5/01 - 11/05 28 25 2,000 359 100 564 18
Falling Creek 2-FAC000.85 1/80 - 3/06 215 18 16,000 533 100 1,027 18
Gillie Creek 2-GIL000.03 9/72-7/74 16 100 60,000 8,525 6,000 14,153 94
Gillie Creek 2-GIL001.00 6/01 - 5/03 12 100 8,000 1,583 600 2,546 50
Gillie Creek 2-GI1L000.42 1/80 - 2/89 82 100 8,000 1,924 400 2,818 48
Goode Creek 2-GODO000.77 8/97 - 4/01 23 18 16,000 3,489 1,100 5,207 70
Grindall Creek 2-GRK000.57 1/80-6/90 107 100 8,000 1,474 600 2,217 54
James River 2-JMS127.50 6/01 - 7/06 14 50 4,200 632 100 1,210 29
James River 2-JMS117.35 1/80 - 12/06 270 18 16,000 355 100 1,140 14
James River 2-JMS115.29 7/94 - 9/04 105 18 16,000 773 93 2,672 15
James River 2-JMS112.79 9/95 - 9/04 87 18 16,000 1,328 170 3,505 29
James River 2-JMS112.37 9/95 - 8/01 70 18 16,000 3,630 700 5,799 61
James River 2-JMS112.33  9/95 - 8/04 84 18 16,000 1,687 170 3,969 35
James River 2-JMS111.55 6/94 - 8/01 88 18 16,000 3,494 745 5,474 58
James River 2-JMS111.48 6/94 - 8/01 88 18 16,000 6,792 2400 7,199 74
James River 2-JMS111.47 7/94 - 8/04 101 18 16,000 1,696 220 3,950 34
James River 2-JMS111.35 6/94 - 8/01 87 18 16,000 1,901 240 4,233 40
James River 2-JMS111.32 6/94 - 8/01 94 20 16,000 6,003 1300 6,911 71
James River 2-JMS111.17 9/95 - 8/04 102 20 16,000 2,574 330 5,008 44
James River 2-JMS110.90 6/94 - 8/01 86 18 16,000 1,794 235 3,972 41
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Table 2.1

Summary of fecal coliform (cfu/100 mL) data collected by VADEQ from April 1970 - August 2007 (cont.).

Stream Station Date Count Minimum Maximum Mean Median gﬁ?gggﬂ Violation %
James River 2-JMS110.49 9/95 - 8/01 70 20 16,000 3,787 595 6,049 57
James River 2-JMS110.31 6/94 - 8/01 87 18 16,000 3,460 460 5,716 49
James River 2-JMS110.30 1/80-8/07 432 3 16,000 666 100 2,110 19
James River 2-JMS110.07 6/94 - 8/01 88 18 16,000 5,323 1,300 6,614 75
James River 2-JMS109.98 7/83-9/83 3 237 540 429 512 168 67
James River 2-JMS109.39 5/80 - 8/01 95 18 16,000 2,330 330 4,608 43
James River 2-JMS107.51 6/94 - 8/01 85 18 16,000 3,111 490 5,514 55
James River 2-JMS107.04 5/80 - 9/83 14 48 8,000 1,492 250 2,622 36
James River 2-JMS104.58 6/94 - 8/01 85 18 16,000 2,415 330 4,885 45
James River 2-JMS104.16 5/80-1/06 158 18 16,000 696 100 2,438 24
James River 2-JMS103.15 9/83 - 8/01 86 18 16,000 2,061 320 4,418 42
James River 2-JMS102.76 5/80 - 9/83 14 100 5,575 885 200 1,554 29
James River 2-JMS101.03 7/94 - 8/01 84 18 16,000 1,738 170 4,000 36
James River 2-JMS099.30 5/80-1/06 282 11 47,325 1,305 100 6,310 24
James River 2-JMS097.77 4/70-9/83 74 9 80,000 2,361 200 9,527 35
James River 2-JMS097.41 7/94-8/01 84 0 16,000 873 110 2,670 25
James River 2-JMS096.22 7/94-8/01 84 0 16,000 902 78 3,012 20
James River 2-JMS094.96 4/70-8/01 120 0 54,000 1,607 110 5,818 28
James River 2-JMS093.21 7/94-8/01 84 0 16,000 953 45 3,405 18
James River 2-JMS091.00 7/94-8/01 83 0 16,000 747 45 2,996 12
James River 2-JMS088.81 7/94-8/01 84 0 9,200 242 20 1,124 4
James River 2-JMS087.01 5/74-1/06 264 0 16,000 559 100 2,108 16
James River 2-JMS080.76 7/94-8/01 81 18 16,000 691 45 2,685 15
James River 2-JMS078.99 4/70-8/01 118 0 16,000 944 100 2,828 23
James River 2-JMS078.62 5/75-6/83 33 100 2,900 282 100 620 9
James River 2-JMS078.07 7/83 —9/83 6 43 230 122 93 87 0
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Table 2.1

Summary of fecal coliform (cfu/100 mL) data collected by VADEQ from April 1970 - August 2007 (cont.).

Stream Station Date Count Minimum Maximum Mean Median Star_‘d?‘fd Violation %
Deviation

Johnson Creek 2-JOD001.96 9/74-6/79 39 100 6,000 454 100 1,024 21
Johnson Creek 2-JOD001.19 5/01-6/03 14 100 700 186 100 161 7
Jones Creek 2-JOH004.23 4/05 1 120 120 NA NA NA 0
Kingsland Creek 2-KSL000.18 1/80-6/90 107 100 8,000 769 200 1,304 39
Little Tuckahoe Creek 2-L1Y001.73 7/97-3/04 54 20 16,000 1,398 330 3,082 43
No Name Creek 2-XSZ002.24 10/02 100 100 NA NA NA 0
Norwood Creek 2-NWDO004.15 4/03 75 75 NA NA NA 0
Pocoshock Creek 2-PSK000.23 7/01-6/03 12 100 7,700 858 150 2,177 17
Powhite Creek 2-PWT001.97 1/00 1 25 25 NA NA NA 0
Powhite Creek 2-PWT000.57 1/80-5/03 154 18 16,000 719 200 1,251 26
Proctors Creek 2-PCT002.46 1/80-6/90 105 100 8,000 655 200 1,253 30
Reedy Creek 2-RDDO000.76 2/80-6/90 107 46 16,000 2,636 1300 3,889 76
Reedy Creek 2-RDDO000.19 7/94-1/01 32 18 16,000 1,703 240 3,521 41
Tuckahoe Creek 2-TK0010.64 7/97 -4/01 43 18 16,000 826 230 2,524 30
Tuckahoe Creek 2-TK0010.24 6/03-3/04 10 25 880 334 210 275 30
Tuckahoe Creek 2-TKO004.69 1/90-3/04 91 18 16,000 805 130 2,565 20
Tuckahoe Creek 2-TK0000.81 6/03 - 3/04 9 25 880 312 250 302 22
Unnamed Tribto XCZ  2-XHP000.42 4/02-3/04 12 20 2,000 491 175 728 33
X-Trib to No Name Creek 2-XVL000.04 10/02 1 100 100 NA NA NA 0
X-Trib to No Name Creek 2-XUI000.01 3/02-10/02 2 600 2,600 1,600 1600 1,414 50
X-Trib to No Name Creek 2-XUH000.01 10/02 1 1,700 1,700 NA NA NA 0
X-Trib to No Name Creek 2-XTC000.08 3/02-10/02 2 600 2,100 1,350 1350 1,061 50
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Table 2.2 Summary of E. coli (cfu/100 mL) data collected by VADEQ from January 2000 - April 2008.

Stream Station Dates Count Minimum Maximum Mean Median ggr;gggﬂ Violation %
Almond Creek 2-ALM000.42 2/00-1/06 9 1 800 199 80 280 33
Bernards Creek 2-BOR001.73 1/06-3/08 19 10 1,300 131 60 288 5
Bernards Creek 2-BOR003.61 1/06 - 12/06 12 4 580 127 25 200 17

Deep Run 2-DPR004.38 6/03-3/04 10 10 800 263 100 311 40
Deep Run 2-DPR002.46 3/00-3/04 24 10 800 277 200 258 33
Dover Creek 2-DOV000.42 7/03-3/05 10 25 350 65 25 102 10
Genito Creek 2-GEN000.69 6/05-12/06 10 50 450 160 88 150 20
Gillie Creek 2-GIL002.84 1/06-3/06 3 1 1 1 1 0 0
James River 2-JMS087.01 7/04-1/06 18 25 500 97 25 130 11
James River 2-JMS110.30 7/04-4/08 45 25 650 142 100 164 16
James River 2-JMS111.17 5/00-11/07 68 3 5,600 197 77 688 12
James River 2-JMS111.47 5/00 - 11/07 67 1 1,440 112 60 212 8
James River 2-JMS112.33 5/00 - 11/07 63 2 8,000 237 46 1,018 11
James River 2-JMS112.79 5/00-11/07 68 1 1,195 116 59 193 12
James River 2-JMS115.29 6/03-4/08 57 1 1,345 79 36 182 4
James River 2-JMS117.35 7/03-4/08 47 1 2,000 98 25 297 4
James River 2-JMS127.50 7/06 1 25 25 NA NA NA 0
Jones Creek 2-JOH004.23 4/07 1 60 60 NA NA NA 0
Little Tuckahoe Creek 2-L1Y001.73 3/00-12/06 33 10 1,300 320 250 312 52
Norwood Creek 2-NWDO005.84 6/05-12/06 10 25 300 58 25 87 10
Norwood Creek 2-NWDO004.15 4/07 1 30 30 NA NA NA 0
Norwood Creek 2-NWD002.27 7/03 - 3/05 9 12 700 121 25 221 11
Powhite Creek 2-PWT000.57 1/06 -12/06 13 4 3,300 293 15 907 15
Powhite Creek 2-PWT001.97 1/00 1 10 10 NA NA NA 0
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Table 2.2 Summary of E. coli (cfu/100 mL) data collected by VADEQ from January 2000 - April 2008 (cont.).
Stream Station Dates  Count Minimum Maximum Mean Median Star]da}rd Violation %
Deviation
Powhite Creek 2-PWT003.98 1/06-1/07 13 4 1,400 141 37 379 8
Powhite Creek 2-PWT006.02 1/06 -1/07 13 1 570 124 54 162 15
Powhite Creek 2-PWT007.20 1/06 -12/06 12 14 330 113 66 114 17
Reedy Creek 2-RDDO000.19 1/06 -12/06 22 9 7,700 543 51 1,651 27
Tuckahoe Creek 2-TK0000.81 6/03 - 3/04 9 10 250 101 120 91 11
Tuckahoe Creek 2-TKO004.69 6/03-3/08 28 7 1,600 151 60 320 7
Tuckahoe Creek 2-TK0010.24 6/03-3/05 20 10 2,000 270 120 472 15
Unnamed Trib to James River 2-XXC000.19 6/05-12/05 4 25 75 38 25 25 0
Unnamed Trib to XCZ 2-XHP000.42 6/03-3/04 10 10 800 174 100 237 20

Table 2.3 Summary of enterococci (cfu/100 mL) data collected by VADEQ from May 2000 through March 2007.
Stream Station Dates Count Minimum Maximum Mean Median Sf\l/r;gggﬂ

James River 2-JMS111.17 5/00-8/04 33 10 800 173 110 198
James River 2-JMS111.47 5/00-8/04 33 10 900 191 140 246
James River 2-JMS112.33 5/00-8/04 31 10 900 253 130 268
James River 2-JMS112.79 5/00-9/04 34 30 1,600 325 220 324
James River 2-JMS115.29 6/03-9/04 16 10 600 124 60 147
James River 2-JMS117.35 7/03-5/04 6 10 650 182 55 254
Little Tuckahoe Creek 2-L1Y001.73 3/00-3/04 23 10 800 377 360 287
Powhite Creek 2-PWT001.97  3/07 1 10 10 NA NA NA
Tuckahoe Creek 2-TK0004.69 6/03-3/04 10 20 800 281 200 262

Juawadojanag 1AL

VA ‘PUOWILDIY JO AND — JBAIY Sawer



TMDL Development James River — City of Richmond, VA

2.3.1.2 Permit Compliance Monitoring

In order to comply with the James River Waste Water Treatment Plant permit VA006317
(Section 3.2), monitoring of the James River is required. The following tables are summaries
of the monitoring by Greeley and Hansen for the City of Richmond (Table 2.4 and 2.5).
Figure 2.2 shows the location of the City of Richmond/Greeley and Hansen water quality
monitoring stations in the James River —City of Richmond study area. The station number in

the tables corresponds to location shown in Figure 2.2.

Table 2.4 Summary of fecal coliform (mpn/100 mL) data collected for the City of
Richmond in the James River from September 1996 through February

1997.
Station Station Name Count Minimum Maximum Mean Median Standard V|ola'£|on
4 Deviation %
1 Huguenot Bridge 31 2 2,000 366 70 521 29%
9 Mayo's Bridge North 31 7 2.000 389 80 584 26%
Channel

3 Mayo's Bridge South 31 8 3,000 453 130 717 26%
Channel

5 Above WWTPatLone ., 7 5000 644 130 1,087 37%

Star Cement Co

6 Buoy 168 Main o7 6 3000 693 240 837 33%
Channel

7 Buoy 166 Main 27 1 2,000 390 80 622 19%
Channel

8 Buoy 157 Main 27 20 2300 598 130 774 33%
Channel

9 Buoy 151 Main 27 6 2,200 561 140 737 33%
Channel

10 Buoy 146 Main 27 4 4,000 539 170 926 26%
Channel

I Based on the number of samples greater than 400 mpn/100mL
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Table 2.5 Summary of fecal coliform (mpn/100 mL) data collected by Greeley and
Hansen in the James River from February 2000 through September 2000.
Station Station Name Count Minimum Maximum Mean Median Star]dgrd V'O'aE'O”
# Deviation %
1 Huguenot Bridge 55 2 17000 548 80 2362 11
Mayo's Bridge North
2 Channel 47 13 24000 1616 170 4756 23
p  MayosBridge North 200 9700 1700 1700 NA 100%
Channel (from boat)
Mayo's Bridge North 1,300 1,300 1,300 1,300 NA 100%
Channel (from bridge)
3  MayosBridge South . 13 13000 634 220 1898 32
Channel
Mayo's Bridge South 0
Channel (from boat) 1 800 800 800 800 NA 100%
Mayo's Bridge South 0
3 Channel (from bridge) 1 800 800 800 800 NA 100%
4 Ash Street (ASH) 35 50 24000 1905 230 4993 31%
4 Ancarrow (ANC) 41 20 13000 938 170 2220 29%
6 Buoy 168 Main 5 3000 90,000 35000 24000 35791  100%
Channel
7 Buoy 166 Main 5 130 8000 1,946 500 3,393 60%
Channel
8 Buoy 157 Main 5 130 3000 814 300 1,231 40%
Channel
9 Buoy 151 Main 5 80 9,000 2378 300 3,827 40%
Channel
10 Buoy 146 Main 5 20 130 54 40 44 0%
Channel
River Bank South Side
4 of River, North of Boat 5 500 5,000 2,760 3,000 1,616 100%
Ramp
River Bank North Side
4 of River, Boat Ramp at 5 800 3,000 2,280 2,400 901 100%
Water and Ash St.
3 Lee Bridge 2 700 800 750 750 71 100%
3 Manchester Bridge 2 1,700 50,000 25,850 25,850 34,153 100%
3 Haxal Head Gate 2 30,000 50,000 40,000 40,000 14,142 100%

NA = Not applicable due to only 1 sample taken
! Based on the number of samples greater than 400 mpn/100mL
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Figure 2.2  Location of City of Richmond/Greeley and Hansen water quality
monitoring stations in the James River — City of Richmond study area.

2.3.1.3 Citizen Water Quality Monitoring

Watershed citizens performed water quality monitoring from June 2003 through September
2005. Water quality samples were taken at 7 sites in Reedy Creek and one in Crooked
Branch (5), a tributary to Reedy Creek, and were analyzed for E. coli (Table 2.6). These
stations are organized from upstream to downstream in Table 2.4. Although there is not
enough data for a statistical analysis, the E. coli concentrations are generally higher at
stations 44th Street (4) and Dunston DS-Roanoke (3), before and after the Crooked Branch
tributary, respectively. The number in the column heading corresponds to the number in

Figure 2.3, which shows the locations of the stations.
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Figure 2.3

Location of citizen water quality monitoring stations in Reedy Creek.
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Table 2.6 Citizen monitoring E. coli results from Reedy Creek from June 2003 to September 2005.
E. coli (cfu/100 ml) at Station:
DS - Deter Road US - LaBrook DS - Erich 44th Street Crooked Dunston DS- US-Pond  US - Riverside
Date (8) Road (7) Road (6) (4) Branch (5) Roanoke (3) FHP (2) Drive (1)
6/28/2003 1,350 440 730 > 5,000 190 1,860 430 530
7/19/2003 1,510 1,210 1,230 5,500 450 1,100 780 700
8/16/2003 1,780 1,480 920 2,360 1,120 5,750 2,300 4,000
10/18/2003 400 300 160 530 70 730 280 180
11/15/2003 430 50 40 650 50 160 230 110
12/20/2003 30 10 <10 <10 <10 <10 150 50
1/24/2004 110 <10 <10 NS <10 40 50 10
2/21/2004 210 <10 10 <10 10 <10 <10 <10
3/20/2004 60 10 10 10 30 50 150 40
4/17/2004 50 100 90 230 10 290 60 60
5/22/2004 6,890 1,810 1,690 6,140 950 3,740 2,500 4,350
6/26/2004 7,760 4,400 6,200 11,960 13,980 13,340 9,540 11,460
7/17/2004 2,180 100 30 > 25,000 NS 1,650 230 80
8/28/2004 1,160 440 > 12,500 3,380 50 650 310 110
9/25/2004 910 60 150 1,930 30 730 180 190
10/23/2004 490 100 110 2,650 40 190 90 50
11/20/2004 140 50 10 150 100 60 40 50
12/18/2004 50 10 <10 1,030 NS 10 80 30
3/19/2005 190 <10 10 30 <10 30 10 <10
6/4/2005 390 10 400 NS NS 240 200 100
9/24/2005 > 5,000 NS NS > 12,000 NS 990 790 550

US=Upstream; DS=Downstream, NS=No sample taken
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2.3.1.4 Bacterial Source Tracking

MapTech, Inc. was contracted to perform an analysis of E. coli concentrations as well as
bacterial source tracking (BST). BST is intended to aid in identifying sources (i.e.,
human, pets, livestock, or wildlife) of fecal contamination in water bodies. Data
collected provided insight into the likely sources of fecal contamination, aided in
distributing fecal loads from different sources during model calibration, and will improve

the chances for success in implementing solutions.

Virginia has adopted the Antibiotic Resistance Analysis (ARA) methodology
implemented by MapTech’s Environmental Detection Laboratory (EDL). This method
was selected because it has been demonstrated to be a reliable procedure for confirming
the presence of human, pet, livestock and wildlife sources in watersheds in Virginia. The
results were reported as the percentage of isolates acquired from the sample that were

identified as originating from either humans, pets, livestock, or wildlife.

The BST results of water samples collected at 16 stations in the James River — City of
Richmond study area are reported in Tables 2.7 through 2.22. The E. coli enumerations
are given to indicate the bacteria concentrations at the time of sampling. Bold values in
this column represent samples that exceeded the instantaneous (single sample) standard
of 235 cfu/100mL.

The proportions (%) reported are formatted to indicate statistical significance (i.e., Bold
numbers indicate a statistically significant result). The statistical significance was
determined through two tests. The first was based on the sample size. A z-test was used
to determine if the proportion was significantly different from zero (alpha = 0.10).
Second, the rate of false positives was calculated for each source category in each library,
and a proportion was not considered significantly different from zero unless it was

greater than the false-positive rate plus three standard deviations.

Figure 2.4 shows the location of BST water quality monitoring stations in the James
River — City of Richmond area. Table 2.23 summarizes the results for each station with
isolate-weighted average proportions of bacteria originating from the four source

categories. The isolate-weighted average considers the concentration of E. coli measured
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and the number of bacterial isolates analyzed in the BST analysis. The anthropogenic
(human + livestock + pet) bacteria proportion is also shown in this table. This gives an
estimation of the overall bacteria load reduction percentage attainable without addressing
wildlife loads, which may be useful during implementation plan development.

Table 2.7 Summary of bacterial source tracking results from water samples
collected in the Almond Creek impairment (2-ALM000.42).

Date Number E. coli* Percent Isolates classified as?:
of Isolates  (cfu/100 ml) Wildlife Human Livestock Pet
7/19/05 24 122 17% 45% 21% 17%
8/23/05 24 199 92% 8% 0% 0%
9/20/05 21 36 48% 4% 0% 48%
10/18/05 24 72 72% 12% 8% 8%
11/15/05 16 36 63% 6% 31% 0%
12/13/05 24 48 54% 21% 0% 25%
1/10/06 3 6 67% 33% 0% 0%
2/8/06 4 4 100% 0% 0% 0%
3/29/06 3 4 33% 0% 0% 67%
4/27/06 7 32 29% 43% 14% 14%
5/16/06 24 250 42% 29% 12% 17%
6/7/06 24 108 84% 8% 0% 8%
7/24/06 23 370 91% 0% 0% 9%
8/29/06 24 1,440 42% 8% 21% 29%
9/25/06 24 1,990 84% 8% 0% 8%
10/31/06 20 74 95% 0% 0% 5%
11/28/06 10 12 60% 10% 30% 0%
12/6/06 7 22 57% 14% 29% 0%
2/14/07 23 470 26% 53% 4% 17%
3/19/07 15 18 7% 20% 53% 20%
6/4/07 24 1,110 80% 8% 12% 0%
6/12/07 24 200 25% 38% 25% 12%

Bold type indicates this sample violates the instantaneous standard (235 cfu/100mL).
?Bold type indicates a statistically significant value.
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Table 2.8 Summary of bacterial source tracking results from water samples
collected in the Bernards Creek impairment (2-BOR001.73).

Date Number E. coli* Percent Isolates classified as?:

of Isolates  (cfu/100 ml) Wildlife Human Livestock Pet

1/10/06 24 66 75% 17% 0% 8%
2/1/06 16 26 75% 0% 6% 19%
3/1/06 12 24 17% 0% 50% 33%
4/10/06 24 68 100% 0% 0% 0%
5/1/06 20 70 75% 0% 5% 20%
5/1/06 18 44 78% 0% 0% 22%
6/5/06 24 66 969%0 0% 4% 0%
7/11/06 18 90 61% 0% 28% 11%
8/8/06 1 6 100% 0% 0% 0%
9/5/06 24 1,600 42% 4% 42% 12%
10/2/06 24 180 0% 0% 4% 96%
11/7/06 14 52 79% 7% 14% 0%
12/12/06 24 94 4% 12% 12% 12%

Bold type indicates this sample violates the instantaneous standard (235 cfu/100mL).
?Bold type indicates a statistically significant value.

Table 2.9 Summary of bacterial source tracking results from water samples
collected in the Falling Creek impairment (2-FAC000.85).

Date Number E. coli* Percent Isolates classified as?:

of Isolates (cfu/100 ml) Wildlife Human Livestock Pet
1/11/06 7 12 14% 43% 0% 43%
2/6/06 24 88 49% 17% 17% 17%
3/13/06 24 48 80% 8% 12% 0%
4/11/06 21 34 71% 24% 0% 5%
5/8/06 24 630 33% 17% 21% 29%
6/6/06 21 179 81% 0% 0% 19%
7/17/06 19 94 5% 37% 11% 47%
8/15/06 18 210 66% 6% 11% 17%
9/18/06 24 116 84% 0% 4% 12%
10/3/06 23 96 87% 0% 0% 13%
11/8/06 20 122 40% 30% 5% 25%
12/6/06 21 48 76% 10% 0% 14%

'Bold type indicates this sample violates the instantaneous standard (235 cfu/100mL).
“Bold type indicates a statistically significant value.
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Table 2.10  Summary of bacterial source tracking results from water samples
collected in the Gillie Creek impairment (2-GI1L001.00).
Date Number E. coli* Percent Isolates classified as’:
of Isolates  (cfu/100 ml) Wildlife Human Livestock Pet

7/19/05 18 14 61% 6% 11% 22%
8/23/05 22 800 37% 27% 9% 27%
9/20/05 22 46 36% 5% 0% 59%
10/18/05 13 26 38% 8% 23% 31%
11/15/05 1 2 0% 0% 100% 0%
12/13/05 24 118 29% 4% 38% 29%
1/10/06 24 879 21% 42% 12% 25%

2/8/06 22 12 55% 18% 9% 18%
3/29/06 7 16 57% 0% 14% 29%
4/25/06 20 66 40% 20% 10% 30%
5/16/06 24 330 67% 4% 17% 12%

6/7/06 24 158 45% 17% 0% 38%
7/24/06 23 1,480 49% 17% 17% 17%
8/29/06 24 1,400 67% 0% 12% 21%
9/25/06 24 1,840 12% 22% 33% 33%
10/31/06 16 120 94% 0% 0% 6%
11/28/06 24 750 96% 0% 4% 0%
12/6/06 16 170 88% 0% 6% 6%
2/14/07 23 2,000 13% 22% 9% 56%
3/19/07 24 770 12% 21% 63% 4%

6/4/07 24 930 59% 25% 4% 12%
6/12/07 24 2,000 4% 33% 63% 0%

Bold type indicates this sample violates the instantaneous standard (235 cfu/100mL).

?Bold type indicates a statistically significant value.
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Table2.11  Summary of bacterial source tracking results from water samples
collected in the Goode Creek impairment 2-GODO000.77.

Date Number E. coli* Percent Isolates classified as?:
of Isolates  (cfu/100 ml) Wildlife Human Livestock Pet
7/19/05 24 243 59% 12% 12% 17%
8/23/05 22 161 50% 9% 9% 32%
9/20/05 24 147 55% 21% 12% 12%
10/18/05 24 333 33% 21% 4% 42%
11/15/05 21 50 5% 38% 57% 0%
12/13/05 6 12 0% 0% 67% 33%
1/10/06 4 8 100% 0% 0% 0%
3/29/06 3 6 33% 0% 0% 67%
4/27/06 20 80 5% 40% 5% 50%
5/16/06 24 730 59% 4% 25% 12%
6/7/06 24 1,220 79% 0% 0% 21%
7/24/06 23 620 92% 0% 4% 4%
8/29/06 24 1,680 59% 4% 8% 29%
9/25/06 24 2,000 75% 17% 0% 8%
10/31/06 15 30 86% 0% % 7%
11/28/06 12 28 84% 8% 8% 0%
12/6/06 8 30 38% 12% 12% 38%
2/14/07 22 170 5% 14% 32% 49%
3/19/07 20 34 0% 35% 45% 20%
6/4/07 24 1,470 67% 17% 12% 4%
6/12/07 24 1,040 92% 0% 4% 4%

Bold type indicates this sample violates the instantaneous standard (235 cfu/100mL).
?Bold type indicates a statistically significant value.
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Table 2.12  Summary of bacterial source tracking results from water samples
collected in the James River impairment 2-JMS099.30.
Date Number E. coli* Percent Isolates classified as’:
of Isolates  (cfu/100 ml) Wildlife Human Livestock Pet
7/19/05 16 28 50% 0% 0% 50%
8/23/05 5 16 100% 0% 0% 0%
9/20/05 3 2 100% 0% 0% 0%
10/18/05 15 34 66% 0% 27% 7%
11/15/05 13 22 46% 8% 46% 0%
12/13/05 24 198 8% 21% 59% 12%
1/17/06 22 359 23% 36% 18% 23%
2/21/06 3 4 100% 0% 0% 0%
3/20/06 5 12 100% 0% 0% 0%
4/26/06 9 24 67% 11% 0% 22%
5/15/06 9 28 22% 56% 0% 22%
6/21/06 10 18 20% 30% 10% 40%
7/24/06 24 130 92% 0% 4% 4%
8/22/06 21 50 81% 0% 0% 19%
9/27/06 15 28 33% 13% 41% 13%
10/30/06 24 340 67% 12% 21% 0%
11/15/06 24 550 17% 17% 25% 41%
12/18/06 13 118 46% 8% 8% 38%
1/24/07 17 68 88% 0% 0% 12%
2/20/07 11 36 9% 46% 18% 27%
3/19/07 23 920 4% 26% 48% 22%
5/30/07 4 14 5% 0% 25% 0%
6/18/07 3 6 0% 33% 67% 0%

Bold type indicates this sample violates the instantaneous standard (235 cfu/100mL).

?Bold type indicates a statistically significant value.
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Table 2.13  Summary of bacterial source tracking results from water samples
collected in the James River impairment 2-JMS104.16.

Date Number E. coli* Percent Isolates classified as?:

of Isolates  (cfu/100 ml) Wildlife Human Livestock Pet
7/19/05 24 60 71% 4% 0% 25%
8/23/05 3 4 67% 33% 0% 0%
9/20/05 9 14 67% 11% 0% 22%
10/18/05 17 36 82% 6% 6% 6%
11/15/05 11 36 649%0 0% 0% 36%
12/13/05 24 206 12% 59% 29% 0%
1/17/06 23 383 4% 62% 30% 4%
2/21/06 10 18 80% 10% 0% 10%
3/20/06 12 18 58% 25% 17% 0%
4/26/06 20 56 70% 0% 5% 25%
5/15/06 23 250 9% 47% 22% 22%
6/21/06 4 8 0% 50% 0% 50%
7/24/06 23 94 100% 0% 0% 0%
8/22/06 24 78 100% 0% 0% 0%
9/27/06 24 330 42% 21% 4% 33%
10/30/06 24 170 71% 21% 8% 0%
11/15/06 23 570 52% 9% 9% 30%
12/18/06 17 82 41% 24% 0% 35%
2/20/07 13 136 24% 38% 0% 38%
3/19/07 24 930 8% 38% 42% 12%
5/30/07 11 48 27% 18% 55% 0%
6/18/07 2 10 100% 0% 0% 0%

Bold type indicates this sample violates the instantaneous standard (235 cfu/100mL).
?Bold type indicates a statistically significant value.
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Table 2.14  Summary of bacterial source tracking results from water samples
collected in the James River impairment 2-JMS111.17.
Date Number E. colit Percent Isolates classified as’:
of Isolates  (cfu/100 ml) Wildlife Human Livestock Pet
7/19/05 24 48 5% 0% 8% 17%
8/23/05 23 60 35% 39% 9% 17%
9/20/05 24 207 47% 8% 12% 33%
10/18/05 17 52 76% 18% 0% 6%
11/15/05 10 26 50% 0% 10% 40%
12/13/05 23 147 22% 17% 52% 9%
1/10/06 5 18 40% 60% 0% 0%
3/14/06 14 24 65% 7% 7% 21%
4/17/06 11 14 36% 0% 0% 64%
5/10/06 23 60 26% 65% 9% 0%
6/7/06 19 180 52% 5% 32% 11%
7/17/06 20 46 90% 0% 5% 5%
8/2/06 9 50 22% 0% 78% 0%
9/5/06 20 2,000 80% 10% 10% 0%
10/3/06 24 68 42% 8% 4% 46%
11/7/06 4 8 100% 0% 0% 0%
12/5/06 4 14 25% 0% 25% 50%
2/14/07 24 130 42% 0% 46% 12%
3/19/07 24 1,210 33% 22% 33% 12%
6/4/07 24 120 41% 0% 21% 38%
6/12/07 24 82 50% 4% 21% 25%

Bold type indicates this sample violates the instantaneous standard (235 cfu/100mL).

?Bold type indicates a statistically significant value.
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Table 2.15  Summary of bacterial source tracking results from water samples
collected in the James River impairment 2-JMS111.47.

Date Number E. coli* Percent Isolates classified as?:
of Isolates  (cfu/100 ml) Wildlife Human Livestock Pet
7/19/05 24 130 100% 0% 0% 0%
8/23/05 23 74 57% 26%0 17% 0%
9/20/05 24 82 54% 0% 0% 46%
10/18/05 24 48 849% 12% 4% 0%
11/15/05 12 20 49% 17% 17% 17%
12/13/05 24 82 17% 4% 75% 4%
1/10/06 1 10 0% 0% 100% 0%
2/14/06 1 10 100% 0% 0% 0%
3/14/06 4 6 50% 0% 25% 25%
4/17/06 8 22 38% 25% 12% 25%
5/10/06 16 38 38% 50% 12% 0%
6/7/06 22 62 18% 23% 59% 0%
7/17/06 19 30 100% 0% 0% 0%
8/2/06 11 36 36% 0% 64% 0%
9/5/06 23 890 92% 4% 0% 4%
10/3/06 22 34 9% 0% 0% 91%
11/7/06 2 6 100% 0% 0% 0%
12/5/06 6 12 17% 0% 33% 50%
2/14/07 24 190 42% 4% 33% 21%
3/19/07 24 1,080 21% 21% 37% 21%
6/4/07 24 80 25% 21% 54% 0%
6/12/07 24 76 51% 4% 12% 33%

Bold type indicates this sample violates the instantaneous standard (235 cfu/100mL).
?Bold type indicates a statistically significant value.
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Table2.16  Summary of bacterial source tracking results from water samples
collected in the James River impairment 2-JMS112.33.
Date Number E. coli* Percent Isolates classified as’:
of Isolates  (cfu/100 ml) Wildlife Human Livestock Pet
7/19/05 24 66 59% 0% 8% 33%
8/23/05 16 32 69% 19% 6% 6%
9/20/05 16 40 69% 0% 12% 19%
10/18/05 17 40 47% 29% 12% 12%
11/15/05 13 24 85% 0% 15% 0%
12/13/05 24 90 8% 17% 75% 0%
1/10/06 3 6 34% 33% 33% 0%
2/14/06 5 14 80% 0% 20% 0%
3/14/06 6 8 50% 0% 17% 33%
4/17/06 18 48 94% 0% 0% 6%
5/10/06 24 68 96% 0% 4% 0%
6/7/06 23 36 57% 26% 17% 0%
7/17/06 17 30 82% 6% 12% 0%
8/2/06 11 34 100% 0% 0% 0%
9/5/06 17 2,000 100% 0% 0% 0%
10/3/06 24 120 17% 0% 0% 83%
11/7/06 4 6 100% 0% 0% 0%
12/5/06 8 16 88% 0% 12% 0%
2/14/07 24 270 38% 4% 50% 8%
3/19/07 23 1,070 4% 13% 57% 26%
6/4/07 24 74 0% 4% 92% 4%
6/12/07 24 72 38% 4% 50% 8%

Bold type indicates this sample violates the instantaneous standard (235 cfu/100mL).

?Bold type indicates a statistically significant value.
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Table 2.17  Summary of bacterial source tracking results from water samples
collected in the James River impairment 2-JMS112.79.

Date Number E. coli* Percent Isolates classified as?:
of Isolates  (cfu/100 ml) Wildlife Human Livestock Pet
7/19/05 24 98 68%0 12% 8% 12%
8/23/05 24 80 80% 4% 8% 8%
9/20/05 24 74 46% 46% 0% 8%
10/18/05 14 58 93% 0% 0% 7%
11/15/05 3 6 34% 33% 0% 33%
12/13/05 24 94 8% 17% 71% 4%
1/10/06 6 12 0% 0% 17% 83%
2/14/06 1 2 0% 100% 0% 0%
3/14/06 11 14 45% 0% 0% 55%
4/17/06 14 28 79% 14% 7% 0%
5/10/06 21 48 24% 57% 19% 0%
6/7/06 22 48 31% 23% 23% 23%
7/17/06 20 46 95% 5% 0% 0%
8/2/06 18 114 100% 0% 0% 0%
9/5/06 24 650 92% 0% 0% 8%
10/3/06 24 72 38% 41% 0% 21%
11/7/06 4 8 75% 0% 25% 0%
12/5/06 4 10 25% 0% 25% 50%
2/14/07 24 270 42% 8% 38% 12%
3/19/07 24 1,190 33% 4% 46% 17%
6/4/07 21 78 19% 14% 19% 48%
6/12/07 21 46 38% 0% 0% 62%

Bold type indicates this sample violates the instantaneous standard (235 cfu/100mL).
?Bold type indicates a statistically significant value.
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Table 2.18  Summary of bacterial source tracking results from water samples
collected in the James River impairment 2-JMS115.29.

Date Number E. coli* Percent Isolates classified as?:
of Isolates  (cfu/100 ml) Wildlife Human Livestock Pet
7/19/05 19 36 37% 16% 5% 42%
8/23/05 9 18 67% 22% 11% 0%
9/20/05 24 62 17% 79% 0% 4%
10/18/05 16 30 56%0 38% 0% 6%
12/13/05 24 100 17% 17% 37% 29%
1/10/06 2 6 50% 0% 0% 50%
2/14/06 6 10 33% 50% 17% 0%
3/14/06 3 6 100% 0% 0% 0%
4/3/06 4 6 100% 0% 0% 0%
5/10/06 6 12 0% 67% 33% 0%
6/7/06 24 44 21% 21% 33% 25%
7/17/06 11 20 73% 9% 9% 9%
8/2/06 9 38 89% 0% 0% 11%
9/5/06 24 136 92% 0% 8% 0%
10/3/06 11 22 9% 64% 0% 27%
11/7/06 3 8 67% 33% 0% 0%
12/5/06 9 16 44% 0% 56% 0%
1/24/07 2 10 50% 0% 50% 0%
2/14/07 24 64 33% 4% 51% 12%
3/19/07 24 1,160 21% 12% 55% 12%
6/4/07 24 118 4% 54% 4% 38%
6/12/07 24 102 38% 0% 62% 0%

'Bold type indicates this sample violates the instantaneous standard (235 cfu/100mL).
?Bold type indicates a statistically significant value.
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Table 2.19  Summary of bacterial source tracking results from water samples
collected in the James River impairment 2-JMS117.35.

Date Number E. coli* Percent Isolates classified as?:
of Isolates  (cfu/100 ml) Wildlife Human Livestock Pet
1/10/06 6 10 50% 33% 17% 0%
2/1/06 4 4 100% 0% 0% 0%
4/10/06 22 34 95% 5% 0% 0%
6/5/06 21 80 100% 0% 0% 0%
7/11/06 8 22 88% 12% 0% 0%
8/14/06 8 26 75% 25% 0% 0%
9/5/06 24 86 46% 17% 25% 12%
10/2/06 8 22 0% 0% 0% 100%
11/7/06 6 14 100% 0% 0% 0%
12/12/06 2 6 0% 0% 0% 100%

Bold type indicates this sample violates the instantaneous standard (235 cfu/100mL).
?Bold type indicates a statistically significant value.

Table 2.20  Summary of bacterial source tracking results from water samples
collected in the No Name Creek impairment (2-XSZ001.58).

Date Number E. colit Percent Isolates classified as?:

of Isolates (cfu/100 ml) Wildlife Human Livestock Pet
1/11/06 17 38 40% 24% 12% 24%
2/6/06 14 42 51% 21% 21% 7%
3/13/06 19 72 58% 21% 16% 5%
4/11/06 24 62 17% 67% 8% 8%
5/8/06 24 120 67% 25% 8% 0%
6/6/06 24 530 84% 8% 0% 8%
7/17/06 13 68 54% 15% 0% 31%
8/15/06 24 114 42% 8% 4% 46%
9/18/06 24 550 63% 8% 4% 25%
10/3/06 24 230 100% 0% 0% 0%
11/8/06 24 1,050 51% 12% 8% 29%
12/6/06 22 500 81% 5% 0% 14%

Bold type indicates this sample violates the instantaneous standard (235 cfu/100mL).
?Bold type indicates a statistically significant value.
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Table2.21  Summary of bacterial source tracking results from water samples
collected in the Powhite Creek impairment (2-PWT00.57).

Date Number E. colit Percent Isolates classified as?:

of Isolates (cfu/100 ml) Wildlife Human Livestock Pet
1/10/06 1 2 0% 0% 0% 100%
2/14/06 4 4 50% 25% 25% 0%
3/14/06 24 120 63% 0% 4% 33%
4/17/06 24 52 46% 4% 4% 46%
5/10/06 24 260 25% 59% 12% 4%
6/7/06 12 36 75% 0% 8% 17%
7/17/06 2 10 50% 50% 0% 0%
9/5/06 24 2,000 76% 8% 4% 12%
10/3/06 24 100 42% 16% 0% 42%
11/7/06 24 42 88% 8% 0% 4%
12/5/06 24 72 92% 0% 4% 4%

Bold type indicates this sample violates the instantaneous standard (235 cfu/100mL).
“Bold type indicates a statistically significant value.
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Table 2.22  Summary of bacterial source tracking results from water samples
collected in the Reedy Creek impairment 2-RDD000.19.

Date Number E. coli* Percent Isolates classified as?:
of Isolates  (cfu/100 ml) Wildlife Human Livestock Pet
7/19/05 24 104 55% 8% 8% 29%
8/23/05 14 70 51% 21% 7% 21%
9/20/05 24 104 33% 43% 12% 12%
10/18/05 24 100 17% 50% 25% 8%
11/15/05 17 44 29% 0% 18% 53%
12/14/05 12 32 42% 8% 42% 8%
1/10/06 17 28 47% 29% 0% 24%
2/14/06 24 151 50% 29% 17% 4%
3/14/06 17 66 35% 6% 41% 18%
4/17/06 15 38 93% 0% 0% 7%
5/10/06 24 140 67% 33% 0% 0%
6/7/06 24 320 76% 12% 12% 0%
7/17/06 18 90 61% 22% 6% 11%
8/2/06 18 70 100% 0% 0% 0%
9/5/06 24 2,000 96% 0% 0% 4%
10/3/06 24 84 50% 4% 4% 42%
11/7/06 24 58 83% 0% 17% 0%
12/5/06 20 360 60% 15% 15% 10%
1/24/07 4 34 25% 50% 25% 0%
2/14/07 24 720 38% 8% 33% 21%
3/19/07 24 510 25% 46% 29% 0%
6/4/07 24 1,680 29% 0% 4% 67%
6/12/07 24 340 55% 8% 8% 29%

Bold type indicates this sample violates the instantaneous standard (235 cfu/100mL).
?Bold type indicates a statistically significant value.
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Table 2.23  Isolate and percent weighted average proportions of E. coli
originating from wildlife, human, livestock, and pet sources.

Weighted Averages:

Stream Name Station Wildlife Human Livestock  Pet :Anthropogenic (H+L+P)
Almond Creek 2-ALM000.42 65% 13% 9% 13% 35%
Bernards Creek 2-BOR001.73  44% 4% 32% 20% 56%
Falling Creek 2-FAC000.85 52% 13% 12% 23% 48%
Gillie Creek  2-GIL001.00 34% 20% 24% 22% 66%
Goode Creek  2-GOD000.77 69% 9% 7% 15% 31%
James River  2-JMS099.30 27% 20% 31% 22% 73%
James River  2-JMS104.16 31% 31% 22% 16% 69%
James River  2-JMS111.17 56% 14% 21% 9% 44%
James River  2-JMS111.47 52% 12% 22% 14% 48%
James River  2-JMS112.33 55% 5% 27% 13% 45%
James River  2-JMS112.79  53% 7% 26% 14% 47%
James River  2-JMS115.29 26% 16% 43% 13% 72%
James River  2-JMS117.35 73% 9% 10% 8% 27%
No Name Creek 2-XSZ001.58 66% 11% 4% 19% 33%
Powhite Creek 2-PWT00.57 69% 12% 5% 14% 31%
Reedy Creek 2-RDDO000.19 57% 9% 10% 24% 43%

(H+L+P) = Human + Livestock + Pet
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Figure 2.4  Location of BST water quality monitoring stations in the James
River - City of Richmond area.

2.3.2 Trend and Seasonal Analyses

Trend and seasonal analyses were performed on precipitation, stream flow, and bacteria
concentrations. A Seasonal Kendall Test, which ignores seasonal cycles, was used to
examine long-term trends. This test improves the chances of finding existing trends in

data that are likely to have seasonal patterns.

Total monthly precipitation measured at National Climatic Data Center (NCDC) station
#447201 Richmond/Byrd Int. Airport was analyzed and no overall, long-term trend was
found.
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Significant trends were observed in fecal coliform data at VADEQ stations 2-
ALMO000.42, 2-JMS117.35, 2-JMS104.16, 2-JMS099.30, and 2-JMS087.01 (Appendix
B, Table B.1). The trend at station 2-JMS117.35 was positive indicating a statistically
significant increase in fecal coliform concentrations over time, while the other stations
showed negative trends indicating statistically significant decreases in fecal coliform
concentrations. The other stations with adequate data showed no trends. There was not

enough data to perform the trend analysis on E. coli or enterococci data.

Figure B.58 in Appendix B shows that generally the fecal coliform concentrations in the
James River increase upon entering the City of Richmond and decrease upon exiting the

city.

A seasonal analysis of precipitation and fecal coliform concentration data were conducted
using the Mood’s Median Test (Minitab, 1995). This test was used to compare median
values of precipitation and fecal coliform concentrations in each month. Significant

differences between months within years were reported.

Mood’s Median tests were preformed to show seasonality effects in the James River —
City of Richmond data.  Significant seasonality effects were found at the precipitation
station.  Differences in mean monthly precipitation are indicated in Table B.45
(Appendix B). Precipitation values, at a given station, in months with the same median

group letter are not significantly different from each other at a 95% significance level.

Three VADEQ stations showed statistically significant seasonality differences in fecal
coliform values: 2-JMS117.35, 2-JMS087.01, and 2-PWT000.57 (Appendix B, Tables
B.2 through B.4). There was not enough data to perform the Moods Median analysis on

E. coli or enterococci data.
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3. SOURCE ASSESSMENT

The TMDL development described in this report includes examination of all potential
sources of fecal bacteria in the James River — City of Richmond study area. The source
assessment was used as the basis of model development and ultimate analysis of TMDL
allocation options. In evaluation of the sources, loads were characterized by the best
available information, landowner input, literature values, and local management agencies.
This section documents the available information and interpretation for the analysis. The
source assessment chapter is organized into point and nonpoint sections. The

representation of the following sources in the model is discussed in Chapter 4.

3.1 Watershed Characterization

The National Land Cover Database 2001 (NLCD) produced cooperatively between the
U.S. Geological Survey (USGS) and U.S. Environmental Protection Agency (EPA) was
utilized for this study. The collaborative effort to produce this dataset is part of a Multi-
Resolution Land Characteristics (MRLC) Consortium project led by four U.S.
government agencies: EPA, USGS, the Department of the Interior National Biological
Service (NBS), and the National Oceanic and Atmospheric Administration (NOAA).
Using 30-meter resolution Landsat 7 Thematic Mapper (TM) satellite images taken
between 1999 and 2001, digital land use coverage was developed identifying up to 29
possible land use types. Classification, interpretation, and verification of the land cover
dataset involved several data sources when available including: aerial photography; soils
data; population and housing density data; state or regional land cover data sets; USGS
land use and land cover (LUDA) data; 3-arc second Digital Terrain Elevation Data
(DTED) and derived slope, aspect and shaded relief; and National Wetlands Inventory
(NWI) data. Approximate acreages and land use proportions for the James River — City
of Richmond study area are given in Table 3.1 and shown in Figure 3.1. More details

about land uses are in Section 4.2.2.
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Table 3.1 Contributing land use acreage (2001) in the James River — City of Richmond study area.

Barren Commercial Crop Forest LAX LMIR Open Space Pasture/Hay Water Wetland Total
1,923 4,973 11,451 119,905 677 49,678 40,455 37,214 11,250 11,944 289,470

Road
[] watershed Boundary
Land Use

Il Water

Urban

I Forest

[ ] Agriculture

] Wetland

054
5 0 5 10 Miles \ \

Figure 3.1  Land uses in the James River — City of Richmond area watershed.
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Goochland, Powhatan, Henrico, and Chesterfield Counties and Richmond City are home to
numerous species of wildlife, including mammals (e.g., beaver, raccoon, white-tailed deer)
and birds (e.g., wood duck, wild turkey, geese) (VDGIF, 2006) (Table 3.2).

For the period from 1948 to 2005, the Richmond International Airport (station 447201)
received average annual precipitation of approximately 43.65 inches, with 56% of the
precipitation occurring during the May through October growing season (SERCC, 2006).
Average annual snowfall is 13.5 inches, with the highest snowfall occurring during January
(SERCC, 2006). Average annual daily temperature is 58.1 °F. The highest average daily
temperature of 88.7 °F occurs in July, while the lowest average daily temperature of 27.6 °F
occurs in January (SERCC, 2006).

3.2 Assessment of Permitted Sources

Thirty-three (33) point sources, some with multiple outfalls, are permitted to discharge to
surface water bodies in the James River — City of Richmond study area through the Virginia
Pollutant Discharge Elimination System (VPDES). These are listed in Table 3.2, which is
broken into two tables. The use of “Trib” in this table refers to a tributary. The first 12
VPDES permits shown are permitted for fecal bacteria control. Permitted point discharges
that may contain pathogens associated with fecal matter are required to maintain a fecal
coliform concentration below 200 cfu/100 ml. Currently, these permitted discharges are
expected not to exceed the 126 cfu/100mL E. coli standard. One method for achieving this
goal is chlorination. Chlorine is added to the discharge stream at levels intended to Kill
pathogens. The monitoring method for ensuring the goal is to measure the concentration of
total residual chlorine (TRC) in the effluent. If the concentration is high enough, pathogen
concentrations (including fecal coliform concentrations) are considered reduced to acceptable
levels. Typically, if minimum TRC levels are met, bacteria concentrations are reduced to
levels well below the standard. The remaining 21 VPDES permits are not permitted for fecal

bacteria control, but they do discharge water to the streams.

Table 3.3 shows the single family home permits within the James River — City of Richmond
study area. These permits allow treated residential wastewater to be discharged to surface

waters. All of these permits discharge water and bacteria to the streams.
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Table 3.4 summarizes data from VPDES Confined Animal Feeding Operations (CAFO) and
from Virginia Pollution Abatement (VPA) facilities. These two permitted sources do not

have direct discharges to waterways but runoff from the area could contain fecal bacteria.

Table 3.5 shows the Municipal Separate Storm Sewer System (MS4) permits. These are
areas of land with stormwater runoff collection that discharge to surface waters. The land
area within these permit boundaries has bacteria from land-based sources (pet, human,

wildlife) which can be present in the runoff.

Table 3.6 shows the surface water withdrawal permits for the James River — City of
Richmond study area. These operations remove water from the James River, Glenwood
Pond and Lake Meadowbrook.

Table 3.7 shows the groundwater withdrawal permits for the James River — City of
Richmond study area. These operations remove water by pumping from different

underground wells.

In a portion of the City of Richmond, the sanitary sewer also collects stormwater runoff from
areas adjacent to the James River and stream flow from some tributaries. This type of system
is referred to as a combined sewer system (CSS). The amount of runoff and stream flow
from these areas is dependent on rainfall. On a dry flow day (no recent rainfall) the James
River Wastewater Treatment Plant (WWTP) treats this flow. During heavy rainfall the
system may fill to capacity and the James River Wastewater Treatment Plant (WWTP)
cannot treat the entire volume; therefore overflows occur. These combined sewer overflows
(CSOs) are a part of VPDES permit number VA0063177. Table 3.8 summarizes the current
CSOs within the James River — City of Richmond study area. Appendix F contains Tables
extracted from the City’s 2008 Annula CSO Report. These tables indicate the frequency and
volume of overflows modeled for 2008, as well as, the size of storm events initiating the
overflow events. The City of Richmond has an ongoing CSO program to reduce the number
of overflows at each location each year, upgrade the wastewater treatment plant, and pre-treat
the combined water (City of Richmond and Greeley and Hansen, 2006). Figure 3.2 shows
the locations of these CSOs.
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Table 3.2 Summary of VPDES permitted point sources in the James River — City of Richmond study area.

Juawadojanag 1AL

Outfall Permitted for
. - - Fecal Bacteria
Permit Receiving Stream(s) Facility Name Number(s) Control
VAQ0003077  James River (tidal) DuPont Teijin Films 001, 002, 003, 004, 101, 102 Yes - 001, 102
VA0024163 Jam_es Rl_ver (not Mary Mother of the Church Abbey WWTP 001 Yes
impaired)
VA0024996  James River (tidal) Falling Creek WWTP 001, 002, 003, S01, SP1 Yes - 001
VAQ0026557  James River (tidal)  Philip Morris USA Incorporated - Park 500 001 Yes
Trib to Little River to
VA0027910 James River (not Manakin Farms Inc Lagoon 001 Yes
impaired)
VA0028622  James River (tidal) Harbour East Village WWTP 001 Yes
VA0060194 Proctors Creek Proctors Creek WWTP 001 Yes
James River (lower and
; L . 001 - 007, 009 — 021, 024 — 026,
VAQ0063177 tidal), G|I*|ﬁt§:sreek, and Richmond WWTP 028, 031, 033 — 035, 039, 040 Yes - 001
VAQ0063649 Trib to Tuckahoe Creek Richmond Country Club WWTP 001 Yes
VA0063690  James River (tidal) Henrico County WWTP 001, S01, SP1 Yes - 001
VAQ0066494 UT to Proctors Creek Youngs Mobile Home Park 001 Yes
VA0090727 Dutoy Creek Dutoy Creek WWTP 001, S01, SP1 Yes - 001
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Table 3.2 Summary of VPDES permitted point sources in the James River — City of Richmond study area (cont.).

Outfall Permitted for
Permit Receiving Stream(s) Facility Name Number(s) Fecgloﬁi;:;frla
VAQ0002780 James River (tidal) The Sustainability Park LLC 001 No*
VA0004146 James River Dominion Chesterfield Power Station 001 - 005 No
VAQ0088153 UT to Redwater Creek Trans Industrial Incorporated 001 No
VA0004669 James River (tidal) E | du Pont de Nemours and Company - Spruance PIt 001, 002, 003, 101, 102, 103 No
VAQ0004880 James River (tidal) Du Pont De Nemours E I and Co Inc James River Pl 001, 002 No
VA0005312 James River (tidal) Honeywell Nylon LLC - Chesterfield 001, 002 No
VA0005720 Trib to James River (tidal) Motiva Enterprises LLC - Richmond Terminal-Texaco 001, 002, 003 No
VA0029165 Almond Creek Kinder Morgan Operating LP - Bickerstaff Road 001 No
VA0054291 James River (tidal) IMTT - Virginia East 001, 002 No
VAQ0054330 Trib to James River (tidal) Hammaker East 001 No
VA0055409 Almond Creek IMTT — Virginia West 001 No
VAQ0058378 James River (tidal) Kinder Morgan Southeast Terminals LLC - Richmond 2 001 No
VAQ0084565  UT to Branch Creek Powhatan Courthouse Water Treatment Plant 001 No
VA0085499 James River (tidal) Spruance Genco LLC 001 No
VAQ0086151 Trib to James River (tidal) Kinder Morgan Operating LP — Deepwater Terminal 001, 002 No
VAQ087734  Trib to Falling Creek VEPCO Maintenance and Supply Center 001 No
VA0090964  Trib to Proctors Creek Rehrig International Incorporated 001, 002 No
VAQ0091154  Trib to Bailey Creek Camp Holly Springs 001 No
VA0091197 Trib to Deep Run Henrico County Water Treatment Plant 001 No
VA0091499  Trib to Almond Creek BFI Old Dominion Landfill 003, 005, 006, 007 No
VA0091642 Kingsland Creek Defense Supply Center Richmond 001 - 010, 012, 06A No

! Facility currently operating at Tier 1 — industrial discharge, which is not believed to contribute bacteria.
Operate (CTO) for Tiers 2 & 3, a municipal discharge of 3.0 MGD will apply.

Upon the issuance of a Certificate To
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Table 3.3 Single family home permits in the James River — City of Richmond study
area.
Permit Receiving Stream Facility Name
VAG404078 James River Private Residence
VAG404208 James River Henricus Historical Park
VAG404145 Cornelius Creek Crowders Service Center
VAG404175 Cornelius Creek Pocahontas Parkway Toll Facility
VAG404201 Trib to James River Private Residence
VAG404223 James River Private Residence
VAG404224 James River Private Residence
VAGA404238  Trib to Falling Creek Private Residence
VAG404029 James River Private Residence
VAG404033 James River Private Residence
VAG404219  Trib to Powhite Creek Private Residence
VAG404247 James River Private Residence
VAGA404248 UT to James River Private Residence
Table 3.4 CAFO permits in the James River — City of Richmond study area.

Adjacent Receiving

Permit Number Facility Name Water Body Type Stream
VPG140049 Alvis Farms LLC ~ VAP-H39R  Poultry Dover Creek/U.T.
VPG100081 Alvis Farms LLC ~ VAP-H39R  Poultry Dover Creek/U.T.

Table 3.5 Permits for MS4s in the James River — City of Richmond study area.
Permit Phase Facility Name
VAR040001 Phase Il Defense Supply Center - Richmond
VAR040005 Phase Il Richmond City
VARO040115 Phase Il VDOT - Virginia
VA0088609 Phase | Chesterfield County
VA0088607 Phase | Henrico County DPW
VARO040110 Phase Il John Tyler Community College
VAR040116 Phase Il Hunter Holmes McGuire VA Hospital
SOURCE ASSESSMENT 3-7
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Table 3.6 Permitted surface water withdrawals in the James River — City of Richmond

study area.
Source Owner Name System
James River Dupont E | De Nemours & Co James River Plant
James River Dupont E | De Nemours & Co Spruance Plant
James River Dupont E | De Nemours & Co James River Plant
James River Dominion Chegterfleld Power Dominion Virginia Power*
Station
Glenwood Pond Glenwood Golf Club Glenwood Golf Course
Lake Meadowbrook Meadowbrook Country Club Meadowbrook Country Club
James River Vulcon Construction Materials Richmond Quarry
James River Henrico County Henrico Co WTF
Blackman Creek Westham Golf Club Westham Golf Club
Michaulk Creek VA State Golf Assoc. VA State Golf Assoc.
James River City of Richmond City of Richmond Water Treatment Facility*

*Amounts not used in hydrological modeling of watershed

Table 3.7 Permitted groundwater withdrawals in the James River — City of Richmond
study area.

Source Owner Name System
50 Remediation Wells Dupont E | De Nemours & Co Spruance Plant
18 Remediation Wells  The Shops at White Oaks  The Shops at White Oaks
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Table 3.8 Combined Sewer Overflows (CSOs) discharge locations currently included in permit #VA0063177.
Outfall Outfall Name Location
Number
002 Orleans Street Orleans and Main Streets
003 Nicholson Street Nicholson and Main Streets
004 Bloody Run Main Street, southeast of 32nd Street
005 Peach Street South of intersection of Peach and Dock Streets
006 Shockoe Creek Between Mayo's Bridge and 17th St.
007 Byrd Street Byrd Street, between 12th and 13th Streets
009 7th Street 7th and Bragg Streets
010 Gambles Hill Tredegar Street, West of 7th St.
011 Park Hydro Station Tredegar Street, West of Lee Bridge
012 Hilton Street Southwest of intersection of Hilton and Salem Streets
013 Maury Street Maury and Brander Streets
014 Stockton Street Stockton and Bedford Streets
015 Canoe Run Next to Southern Railway Line, north of Riverside Drive and 22nd Street
016 Woodland Heights Next to Southern Railway Line, north of Riverside Drive and 26th Street
017 Reedy Creek Next to Southern Railway Line, approx. north of Riverside Drive
018 42nd Street Next to Southern Railway Line, north of Riverside Drive and 42nd Street
019 Hampton Street and Colorado New York Avenue, between Hampton Street and Meadow Avenue
020 McCloy Street McCloy Street
021 Gordon Avenue Brander Street, East of 1-95
024 White and Varina Streets Gilley and Varina Streets
025 Briel Street and Gillie Creek Briel Street and Gillie Creek
026 1250 feet East of Government Road 1250 ft. east of Government Road and Southern Railway Line
028 800 feet North of Nicholson Street 550 ft. north of Nicholson Street on Williamsburg Road
031 Oakwood Cemetery Oakwood Cemetery
033 Shields Lake Park Drive and Shields Lake
034 19" and Dock Streets 19th and Dock Streets
035 25" and Dock Streets 25th and Dock Streets
039 550 feet downstream from Government Road 550 ft. downstream from Gillie Creek and Government Road
040 CSO-1 Outlet 1250 ft. downstream of the Manchester Bridge

Juawadojanag 1AL
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Figure 3.2  Combined Sewer Overflows (CSOs) discharge locations currently
included in permit #VA0063177 and the modeling subwatersheds
(described in Section 4.2.1).
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3.3 Assessment of Nonpoint Sources

In the James River — City of Richmond study area, both urban and rural nonpoint sources of
fecal bacteria were considered. Sources include permitted waste treatment facilities,
combined sewer overflows, direct untreated human waste (straight pipes), non-permitted
sewer overflows, leaking sewer lines, failing septic systems, land-application of waste
(livestock and biosolids), wildlife, and pets. Sources were identified and enumerated.
MapTech previously collected samples of fecal bacteria sources (i.e., wildlife, livestock, pets,
and human waste) and enumerated the density of fecal coliform bacteria to support the
modeling process and to expand the database of known fecal coliform sources for purposes
of bacterial source tracking (Section 2.4.2.1). Where appropriate, spatial distribution of

sources was also determined.

3.3.1 Private Residential Sewage Treatment

Population, housing units, and type of sewage treatment from U.S. Census Bureau were
calculated using GIS (Table 3.9). Inthe U.S. Census questionnaires, housing occupants were
asked which type of sewage disposal existed. Houses can be connected to a public sanitary
sewer, a septic tank, or a cesspool, or the sewage is disposed of in some other way. The
Census category “Other Means” includes the houses that dispose of sewage other than by
public sanitary sewer or a private septic system. The houses included in this category are
assumed to be disposing of sewage via a pit-privy or through the use of a straight pipe (direct
stream outfall).

Sanitary sewers are piping systems designed to collect wastewater from individual homes
and businesses and carry it to a wastewater treatment plant. Sewer systems are designed to
carry a specific "peak flow" volume of wastewater to the treatment plant. Within this design
parameter, sanitary collection systems are not expected to overflow, surcharge or otherwise
release sewage before their waste load is successfully delivered to the wastewater treatment

plant.

When the flow of wastewater exceeds the design capacity or the capacity is reduced by a
blockage, the collection system will "back up” and sewage discharges through the nearest

escape location. These discharges into the environment are called overflows. Wastewater
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can also enter the environment through exfiltration caused by line cracks, joint gaps, or

breaks in the piping system.

Typical private residential sewage treatment systems (septic systems) consist of a septic tank,
distribution box, and a drainage field. Waste from the household flows first to the septic
tank, where solids settle out and are periodically removed by a septic tank pump-out. The
liquid portion of the waste (effluent) flows to the distribution box, where it is distributed
among several buried, perforated pipes that comprise the drainage field. Once in the soil, the
effluent flows downward to groundwater, laterally to surface water, and/or upward to the soil
surface. Removal of fecal coliform is accomplished primarily by die-off during the time
between introduction to the septic system and eventual introduction to naturally occurring
waters. Properly designed, installed, and functioning septic systems contribute virtually no
fecal bacteria to surface waters.

A septic failure occurs when a drain field has inadequate drainage or a "break”, such that
effluent flows directly to the soil surface, bypassing travel through the soil profile. In this
situation, the effluent is either available to be washed into waterways during runoff events or
is directly deposited in-stream due to proximity. A survey of septic pump-out contractors
previously performed by MapTech showed that failures were more likely to occur in the
winter-spring months than in the summer-fall months, and that a higher percentage of system
failures were reported because of a back-up to the household than because of a failure

noticed in the yard.

MapTech previously sampled waste from septic tank pump-outs and found an average fecal
coliform density of 1,040,000 cfu/100 ml (MapTech, 2001). An average fecal coliform
density for human waste of 13,000,000 cfu/g and a total waste load of 75 gal/day/person was
reported by Geldreich (1978).
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Table 3.9 Estimated population, housing units and residential sewage disposal
methods currently in the James River — City of Richmond study area.

Impaired Segment Population Housing Units Sanitary Sewer Septic Systems Other *

Almond Creek 8,089 3,262 2,962 296 5
Bernards Creek 6,814 2,266 1,058 1,201 7
Falling Creek 121,558 45,811 40,060 5,705 47
Gillie Creek 41,001 17,536 16,937 556 44
Goode Creek 17,312 7,758 7,675 74 10
James River (lower) 198,507 86,090 75,545 10,339 206
James River (tidal) 516,039 213,833 186,662 26,670 501

No Name Creek 1,962 869 760 101 7
Powhite Creek 24,618 11,053 9,737 1,288 27
Reedy Creek 18,576 9,311 9,162 118 31

* Houses with sewage disposal systems other than sanitary sewer and septic systems.

3.3.2 Biosolids

Between 1997 and 2001, biosolids were applied to several areas within the James River —
City of Richmond study area (Table 3.10). Biosolids are the treated solids remaining after
human sewage has been treated at a wastewater treatment facility. The total amount of
biosolids applied was 11,702 dry tons. The application of biosolids to agricultural lands is
strictly regulated in Virginia (VDH, 1997). The task of regulating biosolids application in
Virginia was transferred in 2007 from the Department of Health to the Department of
Environmental Quality. Biosolids are required to be spread according to sound agronomic
requirements with consideration for topography and hydrology. Class B biosolids may not
have a fecal coliform density greater than 1,995,262 cfu/g (total solids). Application rates

must be limited to a maximum of 15 dry tons/acre per three-year period.
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Table 3.10  Application of dry biosolids within the James River — City of Richmond

study area.
Net Dry Tons
Impaired Segment 1998 1999 2000 2001 @ Total
Almond Creek 0 0 0 0 0
Bernards Creek 0 0 0 1,098 | 1,098
Falling Creek 0 0 0 0 0
Gillie Creek 0 0 0 0 0
Goode Creek 0 0 0 0 0
James River (lower) 0 0 0 84 84
James River (tidal) 1,002 3,470 2,888 3,161 10,520
No Name Creek 0 0 0 0 0
Powhite Creek 0 0 0 0 0
Reedy Creek 0 0 0 0 0
Total 1,002 3470 2,888 4,343 111,702
3.3.3 Pets

Among pets, cats and dogs are the predominant contributors of fecal bacteria in the James
River — City of Richmond and were the only pets considered in this analysis. Cat and dog
populations were derived from the American Veterinary Medical Association Center for
Information Management demographics in 1997. Dog waste load was reported by Weiskel et
al. (1996), while cat waste load was previously measured. Fecal coliform density for dogs
and cats was previously measured from samples collected by MapTech. A summary of the
data collected is given in Table 3.11. Table 3.12 lists the domestic animal populations for

impairments in the James River — City of Richmond.

Table 3.11  Domestic animal population density, waste load, and fecal coliform
density.

Source Population Density Waste load FC Density
(an/house) (g/an-day)  (cfulg)
Dog 0.534 450 480,000
Cat 0.598 19.4 9
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Table 3.12  Estimated current domestic animal populations in the James River — City
of Richmond study area.

Impaired Segment Dogs Cats
Almond Creek 1,742 1,951
Bernards Creek 1,210 1,355

Falling Creek 24,463 27,395
Gillie Creek 9,364 10,487
Goode Creek 4,143 4,639

James River (lower) 45972 51,482
James River (tidal) 114,187 127,872

No Name Creek 464 519
Powhite Creek 5,902 6,610
Reedy Creek 4972 5,568

3.3.4 Livestock

The predominant types of livestock in the James River — City of Richmond study area are
beef cattle and horses although all types of livestock identified were considered in modeling
the watersheds. Operations range from small to large in size, including two operations
permitted under either VPA or CAFO regulations. Table 3.4 gives a summary of these
permitted operations in the drainage area of impaired streams in the James River — City of
Richmond study area. Table 3.13 gives a summary of livestock populations in the James
River — City of Richmond study area for 2006, organized by impairment. Animal
populations were based on communication with VADEQ, Virginia Cooperative Extension
Service (VCE), Virginia Department of Conservation and Recreation (VADCR), Natural
Resources Conservation Service (NRCS), Henricopolis Soil and Water Conservation District
(PSWCD), James River SWCD (JRSWCD), Monacan Soil and Water Conservation District
(MSWCD), Farm Services Agency, local extension agents, watershed visits, and verbal

communication with citizens at the first public meeting.
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Table 3.13  Estimated livestock populations for 2006 in the James River — City of Richmond study area.

Juawadojanag 1AL

Impaired Segment Ejﬁrt Beef Calves (I?;Ugs Dairy Dry I\/IIDi?II(gs Hogs Horse Sheep Deer Zoo Bison Zoo
Almond Creek 28 27 0 0 0 1 30 6 0 0
Bernards Creek 86 60 9 9 19 5 77 4 0 0

Falling Creek 113 70 0 0 0 31 188 10 0 0
Gillie Creek 40 38 0 0 0 2 42 9 0 0
Goode Creek 0 0 0 0 0 0 0 0 0 0

James River (lower) 1,738 1,626 170 170 343 45 1,329 108 29 3

James River (tidal) 2,538 2,275 170 170 347 149 2,324 254 29 3
No Name Creek 0 0 0 0 0 0 0 0 0 0
Powhite Creek 12 7 0 0 0 3 20 1 0 0

Reedy Creek 0 0 0 0 0 0 0 0 0 0

Watershed Total 2,538 2,275 170 170 347 149 2,324 254 29 3
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Values of fecal coliform density of livestock sources were based on sampling previously
performed by MapTech (MapTech, 1999a). Reported manure production rates for
livestock were taken from the American Society of Agricultural Engineers (1998). A
summary of fecal coliform density values and manure production rates is presented in
Table 3.14.

Table 3.14  Average fecal coliform densities and waste loads associated with

livestock.
Fecal Coliform Waste Storage
Type Waste Load Density Die-off factor
(Ib/d/an) (cfulg)
Beef stocker (850 Ib) 51.0 101,000 NA
Beef calf (350 Ib) 21.0 101,000 NA
Dairy milker (1,400 Ib) 120.4 271,329 0.5
Dairy heifer (850 Ib) 70.0 271,329 0.25
Dairy calf (350 Ib) 29.0 271,329 0.5
Hog (135 Ib) 11.3 400,000 0.8
Hog Lagoon N/A 95,300* NA
Horse (1,000 Ib) 51.0 94,000 NA
Sheep (60 Ib) 2.4 43,000 NA
Goat (140 Ib) 5.7 15,000 NA
Poultry (1 Ib):

Broiler 0.17 586,000 0.5
Layer 0.26 586,000 0.5

Lunits are cfu/100ml

Fecal coliform produced by livestock can enter surface waters through four pathways.
First, waste produced by animals in confinement is typically collected, stored, and
applied to the landscape (e.g., pasture and cropland), where it is available for wash-off
during a runoff-producing rainfall event. Table 3.15 shows the average percentage of
collected livestock waste that is applied throughout the year. Second, grazing livestock
deposit manure directly on the land where it is available for wash-off during a runoff-
producing rainfall event. Third, livestock with access to streams occasionally deposit
manure directly in streams. Fourth, some animal confinement facilities have drainage

systems that divert wash-water and waste directly to drainage ways or streams.
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Table 3.15  Average percentage of collected livestock waste applied throughout

year.
Month Applied % of Total Land use
Dairy Beef

January 2.00 4.00 Cropland
February 2.00 4.00 Cropland
March 20.00 12.00 Cropland
April 20.00 12.00 Cropland
May 5.00 12.00 Cropland
June 2.00 8.00 Pasture
July 2.00 8.00 Pasture
August 2.00 8.00 Pasture
September 21.00 12.00 Cropland
October 20.00 12.00 Cropland
November 2.00 4.00 Cropland
December 2.00 4.00 Cropland

Some livestock were expected to deposit a portion of waste on land areas. The
percentage of time spent on pasture for dairy and beef cattle was estimated based on
projects in other areas of the James River basin. Horses, sheep, and hogs were assumed
to be in pasture 100% of the time.

It was assumed that beef cattle were expected to make a significant contribution through
direct deposition with access to flowing water. For areas where direct deposition by
cattle is assumed, the average amount of time spent by dairy and beef cattle in stream
access areas for each month is given in Tables 3.16 and Table 3.17.
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Table 3.16  Average time dry cows and replacement heifers spend in different
areas per day.

Month Pasture Stream Access Loafing Lot
(hr) (hr) (hr)
January 23.3 0.7 0
February 23.3 0.7 0
March 22.6 1.4 0
April 21.8 2.2 0
May 21.8 2.2 0
June 21.1 2.9 0
July 21.1 2.9 0
August 21.1 2.9 0
September 21.8 2.2 0
October 22.6 14 0
November 22.6 1.4 0
December 23.3 0.7 0

Table 3.17  Average time beef cows not confined in feedlots spend in pasture and
stream access areas per day.

Pasture Stream Access

Month (hr) (hr)
January 23.3 0.7
February 23.3 0.7
March 23.0 1.0
April 22.6 14
May 22.6 14
June 22.3 1.7
July 22.3 1.7
August 22.3 1.7
September 22.6 1.4
October 23.0 1.0
November 23.0 1.0
December 23.3 0.7
3.3.5 Wildlife

The predominant wildlife species in the James River — City of Richmond watershed were
determined through consultation with wildlife biologists from the Virginia Department of
Game and Inland Fisheries (VDGIF), United States Fish and Wildlife Service (FWS),
citizens from the watershed, and source sampling. Population densities were calculated
from data provided by VDGIF and FWS, and are listed in Table 3.18 (Bidrowski, 2004;
Farrar, 2003; Fies, 2004; Knox, 2004; Norman, 2004; Raftovich, 2004; Rose and
Cranford, 1987).

SOURCE ASSESSMENT 3-19



TMDL Development James River — City of Richmond, VA

Table 3.18  Wildlife population densities for the James River — City of Richmond

study area.

Deer Turkey Goose Duck Muskrat Raccoon Beaver
(an/ac of (an/ac of (anfac of  (an/ac of (an/ac of (an/ac of (an/mi of
habitat) habitat) habitat) habitat)  habitat) habitat) stream)

0.0279 0.0087 0.0198 0.0333 0.6115 0.0226 4.0

The numbers of animals estimated to be in the James River — City of Richmond
watershed are reported in Table 3.19. Habitat and seasonal food preferences were
determined based on information obtained from The Fire Effects Information System
(1999) and VDGIF (Costanzo, 2003; Norman, 2003; Rose and Cranford, 1987; and
VDGIF, 1999). Waste loads were comprised from literature values and discussion with
VDGIF personnel (ASAE, 1998; Bidrowski, 2003; Costanzo, 2003; Weiskel et al., 1996,
and Yagow, 1999b).

Table 3.19  Estimated wildlife populations in the James River — City of Richmond

study area.

Impaired Segment Raccoon Muskrat Deer Goose Turkey Duck Beaver
Almond Creek 59 96 72 3 12 5 9
Bernards Creek 254 706 292 22 80 38 67

Falling Creek 662 2,162 690 70 150 118 203
Gillie Creek 150 332 174 10 32 18 1
Goode Creek 51 153 41 5 6 8 16

James River (lower) 2,576 8,805 3,148 279 791 479 753

James River (tidal) 5,472 21,090 6,735 677 1567 1,148 1,697
No Name Creek 20 33 17 1 3 2 3
Powhite Creek 137 388 114 12 26 21 36

Reedy Creek 48 88 34 3 7 5 6

The fecal coliform density of beaver waste was taken from sampling done for the
Mountain Run TMDL development (Yagow, 1999a). Percentage of time spent in stream
access areas and percentage of waste directly deposited to streams was based on habitat
information and location of feces during source sampling. Fecal coliform densities and
estimated percentages of time spent in stream access areas (i.e., within 100 feet of

stream) are reported in Table 3.20.
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Table 3.20  Average fecal coliform densities and percentage of time spent in

stream access areas for wildlife.

Animal Type Fecal Coliform Portion of Day in

Density Stream Access Areas
(cfu/g) (%)

Raccoon 2,100,000 5

Muskrat 1,900,000 90

Beaver 1,000 100

Deer 380,000 5

Turkey 1,332 5

Goose 250,000 50

Duck 3,500 75

Table 3.21 summarizes the habitat and fecal production information that was obtained.

Where available, fecal coliform densities were based on sampling of wildlife scat

performed by MapTech. The only value that was not obtained from MapTech sampling

in the watershed was for beaver.
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Table 3.21  Wildlife fecal production rates and habitat.

Animal Waste Load Habitat
(g/an-day)

Primary = region within 600 ft of perennial streams
Secondary = region between 601 and 7,920 ft from perennial streams
Raccoon 450 Infrequent/Seldom = rest of watershed area including waterbodies
(lakes, ponds)

Primary = waterbodies, and land area within 66 ft from the edge of
perennial streams, and waterbodies
Muskrat 100 Secondary = region between 67 and 30_8 ft from perennial streams,
and waterbodies
Infrequent/Seldom = rest of the watershed area

Primary = Perennial streams. Generally flat slope regions (slow
200 moving water), food sources nearby (corn, forest, younger trees)

Beaver
Infrequent/Seldom = rest of the watershed area

Primary = forested, harvested forest land, orchards,
grazed woodland, urban grassland, cropland, pasture,
Deer 772 wetlands, transitional land
Secondary = low density residential, medium density residential
Infrequent/Seldom = remaining landuse areas

Primary = forested, harvested forest land, grazed woodland, orchards,
wetlands, transitional land
Turkey? 320 Secondary = cropland, pasture
Infrequent/Seldom = remaining landuse areas

Primary = waterbodies, and land area within 66 ft from the edge of
perennial streams, and waterbodies
Goose® 295 Secondary = region between 67 and 30_8 ft from perennial streams,
and waterbodies
Infrequent/Seldom = rest of the watershed area

Primary = waterbodies, and land area within 66 ft from the edge of
perennial streams, and waterbodies
Mallard 150 Secondary = region between 67 and 308 ft from perennial streams,
(Duck) and waterbodies
Infrequent/Seldom = rest of the watershed area

! Beaver waste load was calculated as twice that of muskrat, based on field observations.

2 \Waste load for domestic turkey (ASAE, 1998).

® Goose waste load was calculated as 50% greater than that of duck, based on field observations and
conversation with Gary Costanzo (Costanzo, 2003)
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4. MODELING PROCEDURE: LINKING THE SOURCES TO THE
ENDPOINT

Establishing the relationship between in-stream water quality and the source loadings is a
critical component of TMDL development. It allows for the evaluation of management
options that will achieve the desired water quality endpoint. In the development of
TMDLs in the James River — Richmond area, the relationship was defined through
computer modeling based on data collected throughout the watersheds. Monitored flow
and water quality data were then used to verify that the relationships developed through
modeling were accurate. There are five basic steps in the development and use of a water
quality model: model selection, source assessment, selection of a representative modeling

period, model calibration, model validation, and model simulation.

Model selection involves identifying an approved model that is capable of simulating the
pollutants of interest with the available data. Source assessment involves identifying and
quantifying the potential sources of pollutants in the watershed. Selection of a
representative period involves the identification of a time period that accounts for critical
conditions associated with all potential sources within the watershed. Calibration is the
process of comparing modeled data to observed data and making appropriate adjustments
to model parameters to minimize the error between observed and simulated events.
Validation is the process of comparing modeled data to observed data during a period
other than that used for calibration, with the intent of assessing the capability of the
model in hydrologic conditions other than those used during calibration. During
validation, no adjustments are made to model parameters. Once a suitable model is
constructed, the model is then used to predict the effects of current loadings and potential
management practices on water quality. In this section, the selection of modeling tools,
source assessment, selection of a representative period, calibration/validation, and model

application are discussed.

4.1 Modeling Framework Selection

The James River — City of Richmond study area contains both riverine and tidally

influenced systems, and thus requires a very robust and versatile modeling platform. The
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James River (tidal) impaired segment (VAP-GO1E-01) is a tidally influenced river
system. This river segment is not estuarine (fresh and salt water mixed), but freshwater is
pushed upstream and pulled downstream by the tides from the Chesapeake Bay and
Atlantic Ocean. This water body is riverine in structure and is known to receive

substantial flow inputs from storm water runoff.

The USGS Hydrologic Simulation Program - Fortran (HSPF) water quality model was
selected as the modeling framework to simulate riverine streamflow, overland runoff
inputs into the tidal model, and existing conditions, and to perform TMDL allocations in
non-tidal areas. CE-QUAL-W2 (Army Corps of Engineers, 2003) was chosen as the
model to simulate the James River (tidal) impaired segment and to perform TMDL

allocations in this segment.

4.1.1 Modeling Free Flowing Streams

The HSPF model simulates a watershed by dividing it up into a network of stream
segments (referred to in the model as RCHRES), impervious land areas (IMPLND) and
pervious land areas (PERLND). Each subwatershed contains a single RCHRES, modeled
as an open channel, and numerous PERLNDs and IMPLNDs, representing the various
land uses in that subwatershed. Water and pollutants from the land segments in a given
subwatershed flow into the RCHRES in that subwatershed. Point discharges and
withdrawals of water and pollutants are simulated as flowing directly to or withdrawing
from a particular RCHRES as well. Water and pollutants from a given RCHRES flow
into the next downstream RCHRES. The network of RCHRESS is constructed to mirror
the configuration of the stream segments found in the physical world. Therefore,
activities simulated in one impaired stream segment affect the water quality downstream

in the model.

The HSPF model is a continuous simulation model that can account for NPS pollutants in
runoff, as well as pollutants entering the flow channel from point sources. In establishing
the existing and allocation conditions, seasonal variations in hydrology, climatic
conditions, and watershed activities were explicitly accounted for in the model. The use

of HSPF allowed consideration of seasonal aspects of precipitation patterns within the
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watershed. Due to the complex land uses and tributary networks of the tidal areas, HSPF
is well suited for providing runoff inputs to a suitable tidal model, provided that the tidal
model possesses the ability to receive temporally and spatially varying inputs from
HSPF.

4.1.2 Modeling Areas with Combined Sewers

The City of Richmond modeled the extent of the combined and separate sanitary sewer
network for the James River Waste Water Treatment Plant (WWTP) permit requirements
(permit number VA0063177). The area draining to each combined sewer overflow
(CSO) outfall was modeled with a modified Storm Water Management Model (SWMM).
The number of overflows, the flow rate, and bacteria load from each overflow event was
modeled annually from January 1999 to the present. This modeling is completed after
each year, as the permit requires. SWMM is an accepted tool used to model complex

CSO controls and complicated urban stormwater management.

MapTech incorporated the results of the SWMM modeling into a HSPF and CE-QUAL-
W2 modeling process in order to separate the inputs from land surfaces versus the inputs
from the sanitary sewer. First, HSPF was run in order to estimate the overland runoff
volume, bacteria inputs, and the in-stream processes of the riverine segments. HSPF is
an accepted tool used to model these processes and is commonly used in TMDL
development. Next, the SWMM flow was subtracted from the flow output from HSPF
for each CSO contributing subwatersheds (referred to as sewersheds). These values were
used as a withdrawal from the sewershed to maintain the proper water mass balance
within the model. Then, the flow output from HSPF was subtracted from the SWMM
flow for each sewershed to calculate the flow from the sanitary sewer only. Finally, the
bacteria load output from HSPF was subtracted from the SWMM bacteria load for each
sewershed to calculate the bacteria load from the sanitary sewer only. The sanitary
sewer values were then modeled as point sources into the impacted water body (e.g.,
James River, Gillie Creek, Almond Creek) within the HSPF framework.

For allocation modeling, the SWMM model was run for existing conditions and the final

implementation scenario that the City of Richmond has planned in their Phase 111 CSO

MODELING PROCEDURE 4-3



TMDL Development James River — City of Richmond, VA

Program Project Plan (Scenario E; Greeley and Hansen, 2006). These were again
incorporated into the HSPF and CE-QUAL-W2 models to simulate the scenarios along

with land-based bacteria reductions.

4.1.3 Modeling Tidal Impairments

CE-QUAL-W2 (Army Corps of Engineers, 2003) meets the requirements of modeling the
tidal portion of this system, including time varying point and non-point sources, wind,
tides, a first order decay-based general quality constituent component (including a
settling routine for fecal coliform if desired) and continuous simulation. The model’s
main limitation is its lateral averaging, which is why it is preferred for use with narrow
bodies of water. An explanation of why this model is a good choice for a river system
such as the James River (tidal) section is referenced in “Tidal Estuary Model

Recommendation for use in the Chowan and Tennessee River TMDL” (MapTech, 2004).

The CSO contributions were setup as explained previously and used as input to the CE-
QUAL-W2 model of the James River (tidal) impairment segment. HSPF was used to
model the tributaries to this segment and the results were formatted for use as inputs to
the CE-QUAL-W2 model also.

4.2 Model Setup

Hourly precipitation data was available within the watershed at the Richmond/Byrd
Airport NCDC Coop station #447201. Missing values (four hourly values within 1948 to
1955) were filled using daily precipitation from the Petersburg NCDC Coop station
#446656.

4.2.1 Subwatersheds

To adequately represent the spatial variation in the watershed, the James River — City of
Richmond drainage area was divided into sixty-seven (67) subwatersheds (Figures 4.1
and 4.2, Table 4.1) for the purpose of modeling hydrology. The rationale for choosing
these subwatersheds was based on the availability of water quality data, the limitations of
the HSPF model, and the sewersheds previously modeled using SWMM. The HSPF

model is constrained by the number of operations that it is capable of representing and,
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thus, necessitated a division of the watershed model into two distinct, linked HSPF
models. The output from one model was then routed into the next downstream model.
This division occurred between subwatersheds 9 and 10 where the river changes from

riverine to tidally influenced.

Figure 4.1 shows all subwatersheds, which were used to achieve the unified model.
Figure 4.2 shows the Richmond subwatersheds/sewersheds, which are numbered 42
through 79. Table 4.1 notes the subwatersheds containing the impaired stream segments
and all contributing subwatersheds for each impairment. The CSO number
corresponding to each sewershed can be found by subtracting 40 from the sewershed

number (e.g., subwatershed #79 is the area draining to CSO #39).

The upstream James River flow and water quality was an input to subwatershed 1. Water
quality data (i.e., fecal coliform concentrations) are available at specific locations
throughout the watershed.  Subwatershed outlets were chosen to coincide with
monitoring stations, when appropriate, since output from the model can only be obtained

at the modeled subwatershed outlets.
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B James River (tidal)
Almond Creek
Bernards Creek

/\/ Falling Creek
Gillies Creek
Goode Creek
James River (upper and lower)
No Name Creek
Powhite Creek

/\/ Reedy Creek

[] Subwatershed Boundaries

10 0 10 20 Miles

Figure 4.1  All subwatersheds delineated for modeling in the James River —
City of Richmond study area.
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Figure 4.2  Richmond subwatersheds delineated for modeling in the James
River — City of Richmond area.

Table 4.1 Impairments and subwatersheds within the James River — City of
Richmond study area.
Impairment Subw;rt)sgﬁg d(s) Outlet Contributing Subwatersheds
Almond Creek 18 18 18, 52
Bernards Creek 16 16 16
Falling Creek 22 22 20, 21, 22
Gillie Creek 40 40 40, 44, 63-68, 71, 79
Goode Creek 19 19 19
James River (lower) half of 7, 8, 9 9 1-9, 16, 17, 24-28, 41, 47-51, 55-60, 76
James River (tidal) 10-15 15 1-79 (All)
No Name Creek 23 23 23
Powhite Creek 17 17 17
Reedy Creek 41,57 57 41,57
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In an effort to standardize modeling efforts across the state, VADEQ has required that
fecal bacteria models be run at a 1-hour time-step. The HSPF model requires that the
time of concentration in any subwatershed be greater than the time-step being used for
the model. These modeling constraints as well as the desire to maintain a spatial
distribution of watershed characteristics and associated parameters were considered in the
delineation of subwatersheds. The spatial division of the watersheds allowed for a more
refined representation of pollutant sources, and a more realistic description of hydrologic
factors in the watersheds.

4.2.2 Land Uses
The MRLC land use grid identified 14 land use types in the watersheds. The 14 land use

types were consolidated into categories based on similarities in hydrologic and waste
application/production features (Table 4.2). Within each subwatershed, up to the ten land
use types were represented. Each land use in each subwatershed has hydrologic
parameters (e.g., average slope length) and pollutant behavior parameters (e.g., fecal
coliform accumulation rate) associated with it. Table 4.2 shows the consolidated land use
types in the study area. These land use types are represented in HSPF as pervious land
segments (PERLNDs) and impervious land segments (IMPLNDs). Impervious areas in
the watershed are represented in four IMPLND types, while there are ten PERLND types,
each with parameters describing a particular land use. Some IMPLND and PERLND
parameters (e.g., slope length) vary with the particular subwatershed in which they are
located. Others vary with the season (e.g., upper zone storage) to account for plant
growth, die-off, and removal.

Figure 4.3 shows the land uses used in modeling the James River — City of Richmond
study area. Table 4.3 shows the breakdown of land uses within the drainage area of each
impairment. These acreages represent only what is within the boundaries of the James
River — City of Richmond study area; these values do not include the James River

drainage upstream of subwatershed 1. Barren was combined with forest in Figure 4.3.

4-8 MODELING PROCEDURE



TMDL Development

Table 4.2

James River — City of Richmond, VA

Consolidation of MRLC 2001 land use categories for the James River

— City of Richmond drainage area used in HSPF modeling.

TMDL Land use

Pervious/Impervious

MRLC Land use Classifications

Categories (Percentage) (Class Number)
Water Pervious (100%) Open Water (11)
Pervious (80%)
Open Space Impervious (20%) Developed Open Space (21)
LMIR Pervious (70%) Low Intensity Residential (22)
Impervious (30%) Medium Intensity Residential (23)
. Pervious (60%) . . .
Commercial Impervious (40%) Commercial/Industrial/Transportation (24)
Pervious (90%)
Barren Impervious (10%) Barren Land (31)
Deciduous Forest (41)
Forest Pervious (100%) Evergreen Forest (42)
Mixed Forest (43)
Pasture Hay Pervious (100%) Pasture/Hay (81)
Crop Pervious (100%) Row Crops (82)
. Woody Wetlands (90)
0,
Wetlands Pervious (100%) Emergent Herbaceous Wetlands (95)
Livestock Access (LAX) Pervious (100%) Pasture/Hay (81) near streams

MODELING PROCEDURE
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Figure4.3  Land uses (2001) in the James River — City of Richmond area
watershed.
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Table 4.3 Spatial distribution of land use acreages in the James River — City of Richmond study area (2001).

Juswdoansg 1AL

Impaired . Open Total

Segment Barren Commercial Crop Forest LAX LMIR Space Pasture/Hay Water Wetland acres
Almond Creek 56 61 150 807 0 796 689 688 23 72 3.342
Bernards Creek 0 8 239 6,605 29 342 2,077 975 41 616 10,932
Failing Creek 55 633 32312009 15 8204 15192 1164 295 963 38,943
Gillie Creek 9% 424 257 2597 2 3,744 3,226 721 21 146 11,233
Goode Creek 15 399 0 541 0 1,913 1,253 0 3 13 4137
2?;\25;?"” 733 2467 3,661 64514 529 27,298 10,748 19,144 3817 4199 137,110
gzg‘aﬁj River 1923 4973 11,451 119905 677 49,678 40455 37214 11,250 11,944 = 289,470
No Name Creek 3 101 34263 0 348 297 28 1 25 1100
Powhite Creek 42 84 23 2267 1 1536 3,146 108 0 180 7387
Reedy Creek 10 248 0 614 0 1202 1,014 0 0 20 3.108
X‘;EZ' Study 1,023 4973 11,451 119,905 677 49,678 40,455 37214 11250 11,944 @ 289,470
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Die-off of fecal coliform can be handled implicitly or explicitly. For land-applied fecal
matter (mechanically applied and deposited directly), die-off was addressed implicitly
through monitoring and modeling. Samples of collected waste prior to land application (i.e.,
dairy waste from loafing areas) were collected and analyzed by MapTech. Therefore, die-off
is implicitly accounted for through the sample analysis. Die-off occurring in the field was
represented implicitly through model parameters such as the maximum accumulation and the
90% wash off rate, which were adjusted during the calibration of the model. These
parameters were assumed to represent not only the delivery mechanisms, but the bacteria die-
off as well. Once the fecal coliform entered the stream, the general decay module of HSPF
was incorporated, thereby explicitly addressing the die-off rate. The general decay module

uses a first order decay function to simulate die-off.

4.3 Stream Characteristics

HSPF requires that each stream reach be represented by constant characteristics (e.g., stream
geometry and resistance to flow). This data are entered into HSPF via the Hydraulic
Function Tables (F-tables). The F-tables developed consist of four columns: depth (ft), area
(ac), volume (ac-ft), and discharge (ft*/s). The depth represents the possible range of flow,
with a maximum value beyond what would be expected for the reach. The area listed is the
surface area of the flow in acres. The volume corresponds to the total volume in the reach,
and is reported in acre-feet. The discharge is simply the stream outflow, in cubic feet per

second.

In order to develop the entries for the F-tables, a combination of the NRCS Regional
Hydraulic Geometry Curves (NRCS, 2006), Digital Elevation Models (DEM), nautical
charts, and bathymetry data was used. The nautical charts and bathymetry data includes the
elevation of stream and rivers below mean sea level (negative elevations). The NRCS has
developed empirical formulas for estimating stream top width, cross-sectional area, average
depth, and flow rate, at bank-full depth as functions of the drainage area for regions of the
United States. Appropriate equations were selected based on the geographic location of the
James River — City of Richmond watershed. The NRCS equations developed from data in
the rural piedmont plateau of North Carolina were implemented for the non-Richmond and
non-tidal subwatersheds. Using these NRCS equations, an entry was developed in the F-
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table that represented a bank-full situation for the streams at each non-tidal subwatershed
outlet. A profile perpendicular to the channel was generated showing the stream profile
height with distance for each subwatershed outlet (Figure 4.4). Consecutive entries to the F-
table are generated by estimating the volume of water and surface area in the reach at

incremental depths taken from the profile.

10
105+

100+

Elevation (ft)

a0 1 + 4 |
0 200 400 600 800
Distance along outlet profile (ft)

Figure 4.4  Stream profile representation in HSPF.

Greeley and Hansen previously modeled the subwatersheds influenced by the stormwater and
sewer collection within Richmond City using a modified SWMM. HSPF was used to model
the overland runoff, interflow, and groundwater contributions from these subwatersheds (42-
79). The output of SWMM, in combination with HSPF, was used to determine the amount of
overland flow treated by the sewer system, the total CSO flow volume and bacteria load, and

the relative bacteria contribution from sewage and wash-off.

The tidally influenced subwatersheds (10-15) were modeled using CEQUAL-W?2 and did not
require calculated F-tables in HSPF (Section 4.1.3). Placeholder F-tables were used for these

areas to run the model.

Conveyance was used to facilitate the calculation of discharge in the reach with values for
resistance to flow (Manning’s n) assigned based on recommendations by Brater and King
(1976) and shown in Table 4.4. The conveyance was calculated for each of the two
floodplains and the main channel; these figures were then added together to obtain a total

conveyance. Calculation of conveyance was performed following the procedure described
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by Chow (1959). Average reach slope and reach length were obtained from GIS layers of the
watershed, which included elevation from DEMs and a stream-flow network based on
National Hydrography Dataset (NHD) data. The total conveyance was then multiplied by the
square root of the average reach slope to obtain the discharge (in ft%/s) at a given depth. An

example of an F-table used in HSPF is shown in Table 4.5.

Table 4.4 Summary of Manning's roughness coefficients for channel cells*.
Section Upstream Area (ha) Manning's n

Intermittent stream 18 - 360 0.06

Perennial stream 360 and greater 0.05

*Brater and King (1976)

Table 4.5 Example of an F-table calculated for the HSPF model.
Depth Area Volume Outflow
(ft) (ac) (ac-ft) (ft%/s)

0 0 0 0
3.28 0.71 141 17.07
6.56 1.89 5.15 45.23
9.84 2.54 12.18 85.02
13.12 4.77 24.80 152.82
16.40 56.55 77.51 637.72
19.68 1,047.22 1,635.10 18,846.85
22.96 2,875.31 7,405.99 69,827.77
26.24 3,495.32 18,464.40 133,806.76
29.52 4,426.89 31,720.10 160,393.97

4.4 Selection of a TMDL Critical Condition
EPA regulations at 40 CFR 130.7 (c)(1) require that TMDLs take into account critical

conditions for stream flow, loading, and water quality parameters. The intent of this
requirement is to ensure that the water quality of the James River — City of Richmond study

area is protected during times when it is most vulnerable.

Critical conditions are important because they describe the factors that combine to cause a
violation of water quality standards and will help in identifying the actions that may have to
be undertaken in order to meet water quality standards. Fecal bacteria sources within the
James River — City of Richmond study area are attributed to both point and non-point
sources. Critical conditions for waters impacted by land-based non-point sources generally

occur during periods of wet weather and high surface runoff. In contrast, critical conditions
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for point source-dominated systems generally occur during low flow and low dilution
conditions.  Point sources, in this context also, include non-point sources that are not
precipitation driven (e.g., fecal deposition to stream). The nature of the CSOs alter the
critical conditions by contributing high bacteria loads of mixed sewage and stormwater
runoff during high precipitation events, but during dry weather much of the stream flow is
routed to the treatment plant and treated along with the daily sewage inputs. The CSOs,
therefore, have an affect of skewing the critical conditions toward wet-weather flow
conditions. The City of Richmond’s on-going implementation of the CSO Long Term
Control Plan (LTCP) reduces overflow frequency and provides primary treatment during
both dry and wet-weather flows. Future implementation of the LTCP will provide additional

treatment and overflow reductions.

A description of the data used in these analyses is shown in Table 2.1 in Chapter 2.
Graphical analyses of fecal coliform concentrations and flow duration intervals showed that
there were different critical flow levels for different segments of the James River. The data
from the tributaries to the James River also showed different critical periods. Data at the
VADEQ monitoring station 2-FAC000.85 at Falling Creek shown in Figure 4.5 is an
example of a stream with fecal coliform standard (400 cfu/100mL) violations during all flow
regimes. This demonstrates that this stream should have all flow regimes represented in the

allocation modeling time period. All other graphs are shown in Appendix B.
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Figure 4.5  Fecal coliform concentrations at 2-FAC000.85 in Falling Creek versus
discharge at USGS Gaging Station #02037500.

The data from the stations in the James River show fewer violations at low flow, which can
indicate that even when the flow in the James River is low, there is enough water to dilute
contributions from point sources and directly deposited sources (Figures B.11 through B.45).
It is reasonable to assume that this may be because the James River Waste Water Treatment
Plant treats the stream flow from tributaries during dry flow conditions due to the combined
sewer system in Richmond. Although the low flow levels are not as critical as the other
regimes, the allocation model of the James River should use representative rainfall and flow

data relating to all recorded historical data.

The data from Almond Creek, Falling Creek (at 2-FAC000.85), Gillie Creek (at 2-GI1L000.03
and 2-GIL000.42), Goode Creek, Powhite Creek, and Reedy Creek show that there are
violations during all flow regimes (Figures B.1, 2.1, B.6, B.7, B.9, B.52, B.53, and B.54).
The allocation model of these streams should use representative rainfall and flow data

relating to all recorded historical data.
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The data from Bernards Creek showed no violations during the low flow regime (Figure
B.2). Although the low flow levels are not as critical as the other regimes, the allocation
model of Bernards Creek should use representative rainfall and flow data relating to all
recorded historical data based on data in the surrounding areas. During implementation

planning, it may be necessary to target the high flow conditions.

Based on this analysis, a time period for calibration and validation of the model was chosen
based on the overall distribution of wet and dry seasons (Section 4.5) in order to capture a
wide range of hydrologic circumstances for all impaired streams in this study area. The
resulting periods for calibration, validation, and allocation for each impaired stream are

presented in Section 4.5.

4.5 Selection of Representative Modeling Periods

As discussed more in Section 4.8.1, the hydrology of this area was calibrated in a separate
project (Total Maximum Daily Load Development for the James River and Tributaries —
Lower Piedmont Region, VADEQ 2007a). Hydrology validation was preformed to verify
the HSPF model’s response during the time period chosen for water quality modeling of the
James River — City of Richmond area. Selection of a hydrology validation modeling period
was based on two factors: availability of data (discharge, water-quality, and previous CSO
modeling) and the need to represent critical hydrological conditions. The upgrades to the
CSO collection and treatment system were accounted for when the modeling was simjulated

at existing conditions. Modeled CSO output was available during this time period.

Water quality modeling was preformed during this time period. The period 10/1/1999 to
9/30/2003 was chosen as the calibration period. This period contained 396 water quality data
points spread over 20 VADEQ stations. The period from 10/1/2003 to 12/30/2006 was

chosen as the validation period, with 91 data points over 7 VADEQ stations.

The critical flow regime study (Section 4.4) showed that all flow regimes, but most critically
high flows, should be represented in the modeling time periods of the impaired streams in
this study. The hydrology validation/water quality calibration and validation time period,
10/1/1999 to 9/30/2003, has both the highest and lowest daily average streamflow and

precipitation, which represent the high and low flow critical regimes (Figures 4.6 and 4.7).
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The figures are shown here to demonstrate the historical annual and seasonal stream flow and

precipitation and how the selected time period encompasses a representative range of values.
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Figure 4.6  Water quality modeling time periods, annual historical flow (USGS
Station 02037500), and precipitation (Station 447201/449213) data.
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Figure 4.7  Water quality modeling time periods, seasonal historical flow (USGS
Station 02037500), and precipitation (Station 447201/449213) data.

The City of Richmond has selected 1974-1978 as the allocation modeling time period and
has modeled various implementation scenarios using this rainfall record. Based on a
statistical analysis conducted during this study, this is a reasonable choice for representative

rainfall.

4.6 Source Representation

Both point and nonpoint sources can be represented in the model. In general, point sources
are added to the model as a time-series of pollutant and flow inputs to the stream. Land-
based nonpoint sources are represented as an accumulation of pollutants on land, where some
portion is available for transport in runoff. The amount of accumulation and availability for
transport vary with land use type and season. The model allows for a maximum
accumulation to be specified. The maximum accumulation was adjusted seasonally to

account for changes in die-off rates, which are dependent on temperature and moisture
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conditions. Some nonpoint sources, rather than being land-based, are represented as being
deposited directly to the stream (e.g., animal defecation in stream). These sources are
modeled similarly to point sources, as they do not require a runoff event for delivery to the
stream. These sources are primarily due to animal activity, which varies with the time of
day. Direct depositions by wildlife were modeled as being deposited from 6:00 AM to 6:00

PM. Once in stream, die-off is represented by a first-order exponential equation.

Much of the data used to develop the model inputs for modeling water quality is time-
dependent (e.g., population). Depending on the timeframe of the simulation being run,
different numbers were used. Data representing 2002 were used for the water quality
calibration period (1999-2003) and data representing 2006 were used for validation period
(2003-2006). Data representing 2006 were used for the allocation runs in order to represent

current conditions.

4.6.1 Permitted Sources

Thirty-three (33) point sources are permitted to discharge water into surface waters in the
James River — City of Richmond study area through the Virginia Pollutant Discharge
Elimination System (VPDES) (Table 3.2). Section 3.2 discusses these permits in more
detail. Twelve (12) of these VPDES permits are permitted for fecal bacteria control. For
calibration and validation condition runs, recorded flow and fecal coliform concentration or
Total Residual Chlorine (TRC) levels documented by the VADEQ were used as the input for
each permit (Table 4.7). The TRC data was related to fecal colifrom concentrations using a
regression analysis. Table 4.6 shows the minimum and maximum discharge rate in million
gallons per day (MGD) and the minimum and maximum fecal coliform bacteria
concentration in colony forming units per 100 milliliters (cfu/200mL). These values are the

sums of all the data for each outfall.

The design flow capacity was used for allocation runs. This flow rate was combined with a
fecal coliform concentration of 200 cfu per 100 ml to ensure that compliance with state water
quality standards could be met even if permitted loads were at maximum levels. The design

flow rates and fecal coliform bacteria concentrations are shown in Table 4.6. Table 4.7
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shows the permits discharging only water to the streams. This table also shows values used

for calibration, validation and allocation (design flows).

Nonpoint sources of pollution that were not driven by runoff (e.g., direct deposition of fecal

matter to the the stream by wildlife) were modeled similarly to point sources. These sources,

as well as land-based sources, are identified in the following sections.

Table 4.6 Flow rates and bacteria loads used to model VADEQ active permits in the
James River — City of Richmond study area.

Calibration/Validation Allocation
Flow Rate Cor?(iecr:te:;?ion Flow Rate Corl?(?ecrfi:;?ion
(MGD) (cfuroomt) | MEDB) - ehy100m1)
Fecal
VADEQ Desidn Coliform
Permit Facility Name Min Max  Min Max g Geometric
Flow
Number Mean
Standard
VA0003077 DuPont Teijin Films 0.027 0.70 0.083 527.6 1.38 200
Mary Mother of the
VA0024163 Church Abbey 0.001 0.01 200.0 200.0 0.015 200
WWTP
VAOO24906  rallingCreek o0 435 00 103 10.1 200
WWTP . ) ) ) )
VA0026557 Phillip Morris 1.26 250 ND* ND* 2.9 200
VA0027910 Manakin Farmsinc 0.0 0.11 0.0 8.18 0.07 200
Harbour East Village
VA0028622 WWTP 0.030 0.48 347 24.9 0.09 200
Proctors Creek
VA0060194 WWTP 8.506 10.987 4.1 16.2 27 200
Richmond WWTP -
VA0063177 Outfall 001 25.4 77.0 0.0 5.50 75.0 200
Richmond Country
VA0063649 Club WWTP 0.0 0.011 1.67 8.54 0.0036 200
Henrico County
VA0063690 WWTP 25.7 69.3 1.0 9.0 75.0 200
VAQ0B6494  YoungsMobile 60 5003 428 3301 0.015 200
Home Park
VA0090727 Dutoy Creek WWTP 0.0026  0.04 1.0 7.00 0.25 200
*ND=Not Determined
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Table 4.7 Flow rates used to model VADEQ active permits in the James River —
City of Richmond study area.

Flow Rate .
VADEQ - Design Flow
Permit No. Facility Name .M (MGD)
Min Max
VA0002780 The Sustainability Park LLC * 051 1.19 2.1
VA0004146 Dominion Chesterfield Power Station 2 ND 3 ND 1,085
VA0088153 Trans Industrial Incorporated ND ND ND
VA0004880 Du Pont De Nemours E I and Co Inc James River PI  1.06  4.31 3.83
VA0004669 E 1 du Pont de Nemours and Co - Outfall 001 134 555 56.9
VA0005312 Honeywell Resins and Chemicals, LLC - Chesterfield 5.43 39.34 39.34
VA0005720 Motiva Enterprises LLC - Richmond Terminal- 0.0001 0.187 0.008
Texaco
VA0029165 Kinder Morgan Operating LP - Bickerstaff Road 0.0 0.043 0.043
VA0054291 IMTT - Virginia East 0.004 0.005 0.010
VA0054330 Hammaker East 0.0005 0.0005 0.0005
VA0055409 IMTT — Virginia West 0.0005 0.0005 0.005
VA0058378 Kinder Morgan Southeast ;‘ermmals LLC - Richmond 0.0 033 0.438
VA0084565 Powhatan Courthouse Water Treatment Plant 0.007 0.007 0.007
VA0085499 Spruance Genco LLC 059 4.02 2.34
VA0086151 Kinder Morgan Operating LP — Deepwater Terminal 0.0 0.56 0.53
VA0087734 VEPCO Maintenance and Supply Center 0.013 9.96 3.88
VA0090964 Rehrig International Incorporated 0.088 3.13 3.16
VA0091154 Camp Holly Springs 0.007 0.007 0.007
VA0091197 Henrico County Water Treatment Plant 0.70 0.70 0.70
VA0091499 BFI Old Dominion Landfill 043 234 4.47
VA0091642 Defense Supply Center Richmond 0.80 1.82 15.0

! Facility currently operating at Tier 1 — industrial discharge, which is not believed to contribute
bacteria. Upon the issuance of a Certificate To Operate (CTO) for Tiers 2 & 3, a municipal discharge of
3.0 MGD will apply.

2When combined with their withdrawals this discharger had zero net impact on stream flows.

*ND = Not Determined

4.6.2 Private Residential Sewage Treatment

The number of septic systems in the James River — City of Richmond study area was
calculated by overlaying U.S. Census Bureau data (USCB, 1990; USCB, 2000) with the
subwatersheds. During allocation runs, the number of households was projected to 2006,
based on current growth rates (USCB, 2000) resulting in 26,670 septic systems and 217

uncontroled discharges (Table 4.8).
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Table 4.8 Estimated failing septic systems and straight pipes for 2006 in the James
River — City of Richmond study area.

Failing Septic Uncontrolled

Impaired Segment Septic Systems

Systems Discharges
Almond Creek 296 35 2
Bernards Creek 1,201 43 3
Falling Creek 5,705 152 7
Gillie Creek 556 80 21
Goode Creek 74 4 2
James River (lower) 10,339 871 124
James River (tidal) 26,670 1,619 217
No Name Creek 101 6 1
Powhite Creek 1,288 44 4
Reedy Creek 118 5 4

Failing septic systems were assumed to deliver all effluent to the soil surface where it was
available for wash-off during a runoff event. In accordance with estimates from Raymond B.
Reneau, Jr. from Virginia Tech, a 40% failure rate for systems designed and installed prior to
1964, a 20% failure rate for systems designed and installed between 1964 and 1984, and a
5% failure rate on all systems designed and installed after 1984 was used in development of
the TMDLs for the James River — City of Richmond area. Total septic systems in each
category were calculated using U.S. Census Bureau block demographics. The applicable
failure rate was multiplied by each total and summed to get the total failing septic systems
per subwatershed. The fecal coliform density for septic system effluent was multiplied by
the average design load for the septic systems in the subwatershed to determine the total load
from each failing system. Additionally, the loads were distributed seasonally based on a
survey of septic pump-out contractors to account for more frequent failures during wet
months.

Uncontrolled discharges (straight pipes) were estimated using 1990 U.S. Census Bureau
block demographics. Houses listed in the Census sewage disposal category “other means”
were assumed to be disposing sewage via uncontrolled discharges. Corresponding block data
and subwatershed boundaries were intersected to determine an estimate of uncontrolled
discharges in each subwatershed. These values were then adjusted based on correspondence
with the Virginia Department of Health (VDH) for Goochland, Powhatan, Chesterfield, and

Henrico County offices. Fecal coliform loads for each discharge were calculated based on
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the fecal density of human waste and the wasteload for the average size household in the
subwatershed. The loadings from uncontrolled discharges were applied directly to the stream

in the same manner that point sources are handled in the model.

During the model calibration/validation period, (October 1999 to December 2006) there were
22 total reported sewer overflows. It was assumed that additional occurrences of sewer
overflows were likely undetected; therefore a statistical analysis of meteorological events and
sewer overflows was determined and a projection of undetected sewer overflows was
performed. This analysis involved using the daily total precipitation and the 3-day prior
rainfall for each day an overflow was reported. The sewer overflow event reports contained
an estimate of the volume of sewage discharged, so the model includes these discharges. The
concentration of fecal bacteria discharged was considered equivalent to the concentration of
septic tank effluent, and the magnitude of the discharge was estimated as the average
discharge volume of reported sewer overflow events per subwatershed. As some
biodegradation occurs in a septic system, it is felt that the estimate of concentration is
conservative. The following subwatersheds have sewer overflows and the projected
undetected sewer overflows in the model: 3, 6, 13, 14, 16, 18, 19, 22, 23, and 25. These
subwatersheds include the James River upper, lower and tidal impairments, Bernards Creek,

Almond Creek, Goode Creek, Falling Creek, No Name Creek, and a James River tributary.

4.6.3 Livestock

Fecal coliform produced by livestock can enter surface waters through four pathways: land
application of stored waste, deposition on land, direct deposition to streams, and diversion of
wash-water and waste directly to streams. Each of these pathways is accounted for in the
model. The amount of fecal coliform directed through each pathway was calculated by
multiplying the fecal coliform density with the amount of waste expected through that
pathway. Livestock numbers determined for 2002 were used for the calibration and
validation runs, while these numbers were projected to 2006 for the allocation runs. The
numbers are based on data provided by Virginia Agricultural Statistics (VASS), with values
updated and discussed by VCE, VADCR, NRCS, SWCDs, and FSA as well as taking into
account growth rates in these counties as determined from data reported by the Virginia
Agricultural Statistics Service (VASS, 1995; VASS, 2002). For land-applied waste, the fecal
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coliform density measured from stored waste was used, while the density in as-excreted
manure was used to calculate the load for deposition on land and to streams (Table 3.14).
The use of fecal coliform densities measured in stored manure accounts for any die-off that
occurs in storage. The modeling of fecal coliform entering the stream through diversion of

wash-water was accounted for by the direct deposition of fecal matter to streams by cattle.

4.6.3.1 Land Application of Collected Manure

Collection of livestock manure was assumed the case on all dairy farms. The average daily
waste production per month was calculated using the number of animal units, weight of
animal, and waste production rate as reported in Section 3.3.4. For dairy cows, the only
waste assumed to be collected was from currently milking cows and calves. Second, the total
amount of waste produced in confinement was calculated based on the proportion of time
spent in confinement. Finally, values for the percentage of loafing lot waste collected, based
on data provided by SWCD representatives and local stakeholders, were used to calculate the
amount of waste available to be spread on pasture and cropland (Table 3.14). Stored waste
was spread on pasture and cropland. It was assumed that 100% of land-applied waste is

available for transport in surface runoff.

4.6.3.2 Deposition on Land

For cattle, the amount of waste deposited on land per day was a proportion of the total waste
produced per day. The proportion was calculated based on the study entitled “Modeling
Cattle Stream Access” conducted by the Biological Systems Engineering Department at
Virginia Tech and MapTech, Inc. for VADCR. The proportion was based on the amount of
time spent in pasture, but not in close proximity to accessible streams, and was calculated as

follows:
Proportion = [(24 hr) — (time in confinement) — (time in stream access areas)]/(24 hr)

All other livestock (horse, sheep, hogs) were assumed to deposit all feces on pasture. The

total amount of fecal matter deposited on the pasture land use was area-weighted.
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4.6.3.3 Direct Deposition to Streams

The amount of waste deposited in streams each day was a proportion of the total waste
produced per day by cattle. First, the proportion of manure deposited in “stream access”
areas was calculated based on the “Modeling Cattle Stream Access” study. The proportion

was calculated as follows:
Proportion = (time in stream access areas)/(24 hr)

For the waste produced on the “stream access” land use, 30% of the waste was modeled as
being directly deposited in the stream and 70% remained on the land segment adjacent to the
stream. The 70% remaining was treated as manure deposited on land. However, applying it
in a separate land-use area (stream access) allows the model to consider the proximity of the
deposition to the stream. The 30% that was directly deposited to the stream was modeled in

the same way that point sources are handled in the model.

4.6.4 Biosolids

Investigation of VDH data indicated that biosolids applications have occurred within the
James River — City of Richmond area. Class B biosolids are permitted to contain up to
1,995,262 cfu/g-dry, as compared with approximately 240 cfu/g-dry for dairy waste.
Detailed records of biosolids application location, timing and quantity were available,
enabling the water quality modeling to be carried out in an “as applied” fashion, wherein the
water quality model received land based inputs of biosolids loads on the day in which they
actually occurred. During both model runs, biosolids were modeled as having a fecal
concentration of 157,835 cfu/g, the mean value of measured biosolids concentrations
observed in several years of samples supplied by VDH for sources applied during 2001 to
2005. Applications were modeled as being spread onto the land surface over a six hour
period on the date of reported application, in the case of a multiple day application, loads
were split evenly over the period reported. An assumption of proper application was made,

wherein no biosolids were modeled as being spread in stream corridors.
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4.6.5 Wildlife

For each species of wildlife, a GIS habitat layer was developed based on the habitat
descriptions that were obtained (Section 3.3.5). An example of one of these layers is shown
in Figure 4.8. This layer was overlaid with the land use layer and the resulting area was
calculated for each land use in each subwatershed. The number of animals per land segment
was determined by multiplying the area by the population density. Fecal coliform loads for
each land segment were calculated by multiplying the wasteload, fecal coliform densities,

and number of animals for each species.
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Figure 4.8  Example of raccoon habitat layer in the James River — Richmond area,
as developed by MapTech.

For each species, a portion of the total wasteload was considered land-based, with the
remaining portion being directly deposited to streams. The portion being deposited to
streams was based on the amount of time spent in stream access areas (Table 3.20). It was
estimated that, for all animals other than beaver, 5% of fecal matter produced while in stream
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access areas was directly deposited to the stream. For beaver, it was estimated that 100% of
fecal matter would be directly deposited to streams. No long-term (1999-2006) adjustments
were made to wildlife populations, as there was no available data to support such
adjustments.

4.6.6 Pets

Cats and dogs were the only pets considered in this analysis. Population density (animals per
house), wasteload, and fecal coliform density are reported in Section 3.3.3. Waste from pets
was distributed on residential land uses. The number of households per subwatershed was
taken from the 2000 Census (USCB, 1990 and USCB, 2000). The number of animals per
subwatershed was determined by multiplying the number of households by the pet population
density. The amount of fecal coliform deposited daily by pets in each subwatershed was
calculated by multiplying the wasteload, fecal coliform density, and number of animals for
both cats and dogs. The wasteload was assumed not to vary seasonally. The populations of
cats and dogs were projected from 2000 data to 2006.

4.7 Model Calibration and Validation Processes

Calibration and validation are performed in order to ensure that the model accurately
represents the hydrologic and water quality processes in the watershed. The model’s
hydrologic parameters were set based on available soils, land use, and topographic data.
Through calibration, these parameters were adjusted within appropriate ranges until the
model performance was deemed acceptable. Sensitivity analyses were performed on the
HSPF model to show how small changes in certain model parameters affect the output from
the model (Appendix D).

4.7.1 HSPF - Hydrologic Calibration and Validation

Hydrologic calibration was conducting during the development of Total Maximum Daily
Load Development for the James River and Tributaries — Lower Piedmont Region (VADEQ),
2007a) and Total Maximum Daily Load Development for the Upham Brook watershed
(VADEQ, 2007b). The model was calibrated for hydrologic accuracy using daily flow data
from USGS Gaging Station 02037500 on the James River for the period October 2000
through September 2003 for the James River and Tributaries — Lower Piedmont Region. The
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calibration of stream flow in Upham Brook was performed using daily flow data from USGS
Gaging Station 02042426 on the Upham Brook for the period October 1991 through
September 1994. The results of these calibrations are shown in their respective TMDL
technical documents. The changes made to the hydrologic parameters of the rural land uses
in the James River and Tributaries — Lower Piedmont Region were the same percent changes
made to the hydrologic parameters of the rural land uses in James River — City of Richmond.
The same principles were followed when using the changes to the urban land uses from the
Upham Brook watershed.

HSPF parameters that were adjusted during the hydrologic calibration represented: the
amount of evapotranspiration from the root zone (LZETP), the recession rates for
groundwater (AGWRC) and interflow (IRC), the length of overland flow (SLSUR), the
amount of soil moisture storage in the upper zone (UZSN) and lower zone (LZSN), the
amount of interception storage (CEPSC), the infiltration capacity (INFILT), the amount of
soil water contributing to interflow (INTFW), deep groundwater inflow fraction (DEEPER),
baseflow PET (BASETP), forest coverage (FOREST), slope of overland flow plane (LSUR),
groundwater recession flow (KVARY), maximum and minimum air temperature affecting
PET (PETMAX, PETMIN, respectively), infiltration equation exponent (INFEXP),
infiltration capacity ratio (INFILD), active groundwater storage PET (AGWETP), Manning’s
n for overland flow plane (NSUR), interception (RETSC), and the weighting factor for
hydraulic routing (KS). Table 4.9 contains the possible range for the above parameters along
with the initial estimate and final calibrated value. State variables in the PERLND water
(PWAT) section of the User’s Control Input (UCI) file were adjusted to reflect initial

conditions.

The percent change between the initial and final calibrated HSPF parameters for the Group 2
and Group 5 watershed were used as the percent change in base parameters for the James

River — City of Richmond model.
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Table 4.9 Initial hydrologic parameters estimated for the James River — City of
Richmond study area, the changes to these parameters during the Group
2 and Group 5 calibrations, and resulting final values
Possible Range Initial Group 2 and Final
Parameter Units of Parameter Parameter Group 5 Percent Parameter
Value Estimate Change Value

LZSN in 2.0-15.0 5.744 — 15 -58 — -84% 20-6.0
INFILT in/hr 0.001-0.50 0.072 - 0.259 -99 — 70% 0.001 -0.233
LSUR ft 100 - 700 1-700 0% 1-700
SLSUR 0.001-0.30 0.002 -0.279 0% 0.002 -0.279
KVARY 1/in 0.0-5.0 0 0-0.20* 0-0.20
AGWRC 1/day 0.85-0.999 0.98 1.3-1.9% 0.993 - 0.999
PETMAX deg F 32.0-48.0 40 0% 40
PETMIN deg F 30.0-40.0 35 0% 35
INFEXP 1.0-3.0 2 0% 2
INFILD 1.0-3.0 2 0% 2
DEEPFR 0.0-0.50 0.01-0.02 1150 — 4900% 0.25-0.50
BASETP 0.0-0.20 0.01-0.02 400 - 1350% 0.05-0.10
AGWETP 0.0-0.20 0-0.01 0% 0-0.01
INTFW 1.0-10.0 1 0% 1
IRC 1/day 0.30-0.85 0.5 -40% 0.3
MO cgpr N 0.01 - 0.40 0-0.20 199 - 3900% 0.01 - 0.40
MON-UZSN in 0.05-2.0 0.37-1.55 -96 — 202% 0.05-2.0
MON-
MANNING 0.01-05 0.01-0.37 0% 0.04 -0.37
MON-LZETP 0.1-0.9 0-0.80 -90 — 8900% 0.01-0.9
RETSC in 0.01-0.30 0.10 0% 0.1
KS 0.0-0.9 0.5 0% 0.5
* Represents an addition, not multiplier

For the purpose of validating the hydrologic model of the James River — City of Richmond
study area, the model was simulated from 10/1/1999 to 12/31/2006 the time period of interest

in this project. The modeled output from subwatershed 3 was compared against the James
River USGS Gaging Station #02035000 data. Table 4.10 shows the percent difference (or
error) between observed and modeled data for total in-stream flows, upper 10% flows, and

lower 50% flows during model calibration. These values represent a close agreement with

the observed data, indicating the model was well calibrated and has been validated during a

different time period. Figures 4.9 and 4.10 graphically show these comparisons.
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Table 4.10  Hydrology validation criteria and model performance from 10/1/1999
through 12/31/2006 at USGS Gaging Station #02035000 on the James
River (subwatershed 3).

Criterion Observed Modeled Error

Total In-stream Flow: 3829.73 3986.36 4.09%
Upper 10% Flow Values: 1459.37 1409.59 -3.41%
Lower 50% Flow Values: 651.52 722.85 10.95%
Winter Flow Volume 1029.08 1056.81 2.69%
Spring Flow Volume 1145.77 1172.91 2.37%
Summer Flow Volume 569.40 638.37 12.11%
Fall Flow Volume 1085.48 1118.27 3.02%
Total Storm Volume 3382.54 3467.97 2.53%
Winter Storm Volume 921.99 932.55 1.14%
Spring Storm Volume 1037.93 1047.75 0.95%
Summer Storm Volume 461.75 514.08 11.33%
Fall Storm Volume 960.87 973.59 1.32%
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4.7.2 HSPF - Fecal Coliform Water Quality Calibration

Water quality calibration is complicated by a number of factors; first, water quality (fecal
coliform) concentrations are highly dependent on flow conditions. Any variability associated
with the modeling of stream flow compounds the variability in modeling water quality
parameters. Second, the concentration of fecal coliform is particularly variable. Variability in
location and timing of fecal deposition, variability in the density of fecal coliform bacteria in
feces (among species and for an individual animal), environmental impacts on re-growth and die-
off, and variability in delivery to the stream all lead to difficulty in measuring and modeling fecal
coliform concentrations. Additionally, the VADEQ data were censored at 8,000 cfu/100ml at
times and at 16,000 cfu/100ml at other times. Limited amount of measured data for use in
calibration and the practice of censoring both high and low concentrations impede the calibration

process.

The HSPF water quality calibration was conducted using data for the time period from 10/1/1999
through 9/30/2003. Four parameters were utilized for model adjustment: in-stream first-order
decay rate (FSTDEC), monthly maximum accumulation on land (MON-SQOLIM), the rate of
surface runoff that will remove 90% of stored fecal coliform per hour (WSQOP), and the
temperature correction coefficient for first-order decay of quality (THFST). All of these
parameters were initially set at expected levels for the watershed conditions and adjusted within
reasonable limits until an acceptable match between measured and modeled fecal coliform

concentrations was established (Table 4.11).

Table 4.11  Model parameters utilized for water quality calibration.

Parameter Units Typical Range Initial P_arameter Calibrated
Estimate Parameter Value
MON-SQOLIM FCl/ac 1.0E-02 — 1.0E+30 0.0 - 3.0E+12 0.0 -6.1E+13
WSQOP in/hr 0.05-3.00 0.0-2.80 0.0-3.0
FSTDEC 1/day 0.01 -10.00 1.0 0.01-26.5
THFST none 1.0-20 1.07 1.0-20

The water land use was given a WSQOP value of zero (0) because it represents the stream
channel and does not have wash-off. The minimum calibrated WSQOP value not considering

the water land use was 0.16, which is within the typical range. The FSTDEC value was
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increased beyond the typical range for Tuckahoe Creek (subwatershed 26) and Deep Run
(subwatershed 27). These subwatersheds have ponds or lakes near the outlets, which allow
bacteria to settle to the bottom. To take this into account and provide better bacteria calibration
results, the FSTDEC was increased to 26.5 for Tuckahoe Creek, to 14.4 for Deep Run, and to
11.0 and 20.0 for segments of the James River. All other subwatersheds were calibrated using

FSTDEC values within the typical range.

Figures 4.11 through 4.27 show the results of water quality calibration. Monitored values are an
instantaneous snapshot of the bacteria level, whereas the modeled values are daily averages
based on hourly modeling. The monitored values may have been sampled at the highest
concentration of the day and thus correctly appear above the modeled daily average. Although
the range of modeled daily average values may not reach every instantaneous monitored value,
the modeled data follows the trend of monitored data, and typically includes the monitored

extremes.

The bacteria concentrations at each station in the study area, except the No Name Creek stations,
were calibrated using the four parameters noted above in Table 4.10. The single sample
violation percentage from the model output of No Name Creek was initially 0%. The calibrated
model values were still well below the estimated 83%, after using the four typical calibration
parameters within HSPF. In order to observe the most dominate source of bacteria in No Name
Creek, a sensitivity analysis was performed within subwatershed 23. The following bacteria
source groups were doubled: human, livestock, and wildlife direct sources; residential/urban,
agricultural, and natural land-based sources. As expected, based on BST data, watershed visits,
and knowledge about the area, No Name Creek is most sensitive to changes in the direct human
waste load. Possible sources of direct human waste are straight pipes from residential homes,
illicit sewage connections to the stormwater collection system, sewer leakages, and unreported
sewer overflows. Based on the results of the sensitive analysis and the prior information about
the watershed, the human bacteria sources were increased by 3.0 times in order to calibrate the
bacteria levels in No Name Creek. Figure 4.25, Table 4.12 and Table 4.13 show the results of

the No Name Creek calibration.
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Figure 4.11 Fecal coliform quality calibration results for 10/1/1999 to 9/30/2003 for
VADEQ station 2-ALMO000.42 in subwatershed 18 in the Almond Creek
impairment.
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Figure 4.12 Fecal coliform quality calibration results for 10/1/1999 to 9/30/2003 for
VADEQ station 2-BOR-001.73 in subwatershed 16 in the Bernards Creek
impairment.
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Figure 4.13 Fecal coliform quality calibration results for 10/1/1999 to 9/30/2003 for
VADEQ station 2-FAC009.46 in subwatershed 20 in Falling Creek (not
impaired).
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Figure 4.14 Fecal coliform quality calibration results for 10/1/1999 to 9/30/2003 for
VADEQ station 2-FAC000.85 in subwatershed 22 in the Falling Creek

impairment.
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Figure 4.15 Fecal coliform quality calibration results for 10/1/1999 to 9/30/2003 for
VADEQ station 2-GIL001.00 in subwatershed 40 in the Gillie Creek
impairment.
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Figure 4.16 Fecal coliform quality calibration results for 10/1/1999 to 9/30/2003 for
VADEQ station 2-GOD000.77 in subwatershed 19 in the Goode Creek
impairment.
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Figure 4.17 Fecal coliform quality calibration results for 10/1/1999 to 9/30/2003 for
VADEQ station 2-JMS127.50 in subwatershed 1 in the James River (not
impaired).
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Figure 4.18 Fecal coliform quality calibration results for 10/1/1999 to 9/30/2003 for
VADEQ station 2-TKO004.69 in subwatershed 26 in Tuckahoe Creek
(impaired, but not included in this project).
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Figure 4.19 Fecal coliform quality calibration results for 10/1/1999 to 9/30/2003 for
VADEQ station 2-DPR001.00 in subwatershed 28 in Deep Run (impaired,
but not included in this project).
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Figure 4.20 Fecal coliform quality calibration results for 10/1/1999 to 9/30/2003 for
VADEQ station 2-JMS117.35 in subwatershed 3 in the James River
(upper) impairment.
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Figure 4.21 Fecal coliform quality calibration results for 10/1/1999 to 9/30/2003 for
VADEQ station 2-JMS115.29 in subwatershed 5 in the James River
(lower) impairment.
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Figure 4.22 Fecal coliform quality calibration results for 10/1/1999 to 9/30/2003 for
VADEQ stations 2-JMS112.33 and 2-JMS112.37 in subwatershed 7 in the
James River (lower) impairment.
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Figure 4.23 Fecal coliform quality calibration results for 10/1/1999 to 9/30/2003 for
VADEQ station 2-JMS111.17 in subwatershed 8 in the James River
(lower) impairment.
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Figure 4.24 Fecal coliform quality calibration results for 10/1/1999 to 9/30/2003 for
VADEQ station 2-JMS110.07 in subwatershed 9 in the James River
(lower) impairment.
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Figure 4.25 Fecal coliform quality calibration results for 10/1/1999 to 9/30/2003 for
VADEQ stations 2-XTC000.08, 2-XU1000.01, 2-XUH000.01, 2-XVL000.04
in subwatershed 23 in the No Name Creek impairment.
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Figure 4.26 Fecal coliform quality calibration results for 10/1/1999 to 9/30/2003 for
VADEQ station 2-PWT000.57 in subwatershed 19 in the Powhite Creek

impairment.
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Figure 4.27 Fecal coliform quality calibration results for 10/1/1999 to 9/30/2003 for
VADEQ station 2-RDD000.19 in subwatershed 57 in the Reedy Creek
impairment.
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Careful inspection of graphical comparisons between continuous simulation results and limited
observed points was the primary tool used to guide the calibration process. To provide a
quantitative measure of the agreement between modeled and measured data while taking the
inherent variability of fecal coliform concentrations into account, each observed value was
compared with modeled concentrations in a 2-day window surrounding the observed data point.

Standard error in each observation window was calculated as follows:

n

" (observed — modeled, )’

)
N

Standard Error =

where

observed =an observed value of fecal coliform
modeled; =a modeled value in the 2 - day window surrounding the observation
n =the number of modeled observations in the 2 - day window

This is a non-traditional use of standard error, applied here to offer a quantitative measure of
model accuracy. In this context, standard error measures the variability of the sample mean of
the modeled values about an instantaneous observed value. The use of limited instantaneous
observed values to evaluate continuous data introduces error and, therefore, increases standard
error. The mean of all standard errors for each station analyzed was calculated. The standard
errors in Table 4.12 range from a low of 9.0 to a high of 404. Even the highest value in this
range can be considered quite reasonable when one takes into account the censoring of maximum
values that is practiced in the collection of actual water quality samples. The standard error will
be biased upwards when an observed high value censored at 8,000 or 16,000 cfu/100mL is
compared to a simulated high value that may be an order of magnitude or more above the censor
limit. Thus, the standard errors calculated for these impairments are considered an indicator of

strong model performance.
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Table 4.12  Mean standard error of the fecal coliform calibrated model for the James
River-City of Richmond study area watershed (10/1/1999 to 9/30/2003).

Mean Maximum Maximum
Standard Simulated Monitored

Error Value Value

Stream Sub StationID(s) e (cfu/100 mL)-------
Almond Creek 18 2-ALMO000.42 111.1 32,094 9,200
Bernards Creek 16 2-BOR001.73 104.1 22,957 7,100
Falling Creek 20 2-FAC000.85 36.2 4,544 2,000
Falling Creek 22 2-FAC009.46 24.2 1,115 3,500
Gillie Creek 40 2-GIL001.00 188.0 21,292 8,000
Goode Creek 19 2-GODO000.77 341.5 9,865 16,000
James River 1 2-JMS127.50 81.8 77,729 4,200

Tuckahoe Creek 26 2-TKO004.69 19.3 21,614 980
Deep Run 27 2-DPR001.00 404.4 115,334 8,000
James River 3 2-JMS117.35 21.0 19,234 1,400
James River 5 2-JMS115.29 16.3 11,383 1,700
. 2-JMS112.33 and 2-
James River 7 IMS112.37 131.0 28,183 16,000
James River 8 2-JMS111.17 72.9 25,336 16,000
James River 9 2-JMS110.07 369.4 347,665 16,000
2-XTC000.08, 2-XU1000.01,
No Name 23 2-XUH000.01, 2-XVL000.04 90.8 9,769 2,600
Powhite Creek 17 2-PWT000.57 449 64,893 4,200
Reedy Creek 57 2-RDD000.19 9.0 21,478 200

Table 4.13 shows the predicted and observed values for the geometric mean and single sample
(SS) instantaneous violations for the James River-City of Richmond stream segments. For all
stations the maximum percent difference between modeled and monitored geometric means and
instantaneous violations were within three standard deviations of the observed data and,
therefore, the fecal coliform calibration is acceptable.
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Table 4.13  Comparison of modeled and observed fecal coliform calibration results for
the James River-City of Richmond study area watershed.

- Modeled Fecal Coliform Monitored Fecal Coliform
% 10/1/99 - 9/30/03 10/1/99 - 9/30/03
[}
S % Geometric SS % violations Geometric SS % violations
tream = n Mean 1| N Mean 1
@ (cfu/0omyy  (cfu/100ml) (cfu/a0omyy  (Cfu/100mD)
Almond Creek 18 1,461 430 39% 22 329 41%
Bernards Creek 16 1,461 195 34% 24 222 25%
Falling Creek 20 1,461 167 19% 14 205 21%
Falling Creek 22 1,461 177 9% 32 125 9%
Gillie Creek 40 1461 538 54% 12 533 58%
Goode Creek 19 1,461 613 59% 10 783 60%
James River 1 1,461 230 27% 13 234 31%
Tuckahoe 56 4 461 65 26% 31 136 10%
Creek
Deep Run 27 1,461 703 53% 14 250 29%
James River 3 1461 153 23% 34 162 12%
James River 5 1,461 101 19% 31 75 6%
James River 7 1461 222 28% 62 253 32%
James River 8 1461 197 27% 45 244 29%
James River 9 1461 264 30% 22 511 55%
No Name 23 1,461 974 81% 6 833 83%
Powhite Creek 17 1,461 125 33% 20 168 15%
Reedy Creek 57 1,461 47 23% 7 86 0%

1SS = single sample instantaneous standard violations (>400 cfu/100mL)
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4.7.3 HSPF - Fecal Coliform Water Quality Validation

Fecal coliform water quality model validation was performed on data from 10/1/2003 to
12/31/2006 for all stations listed in Table 4.12. The Almond Creek, Bernards Creek, Gillie
Creek, Goode Creek, No Name Creek, Powhite Creek, and Reedy Creek impairments were
not validated because fecal coliform data was not available during the time period. Since the
calibration and validations of all the other segments were acceptable, and the same
techniques were used on all segments, validation was considered not necessary for this
segment. The results are shown in Table 4.14. The standard errors in the James River model

validation range from 6.49 to 70.8.

Table 4.14  Mean standard error of the fecal coliform validation model for
impairments in the James River-City of Richmond study area watershed.

Mean Max Max
Subwatershed Standard Simulated Monitored
Error Value Value
Stream Station 1D(s)
Falling Creek 20 2-FAC000.85 32.2 4,650 2,000
Falling Creek 22 2-FAC009.46 25.4 915 2,000
Tuckahoe Creek 26 2-TKO004.69 70.8 18,510 1,400
James River 3 2-JMS117.35 9.4 22,288 500
James River 5 2-JMS115.29 6.2 14,277 180
. 2-JMS112.33
James River 7 2-JMS112 37 7.5 33,473 250
James River 8 2-JMS111.17 15.2 32,100 480

Table 4.15 shows the predicted and observed values for the geometric mean and single
sample (SS) instantaneous violations for the appropriate stream segments. The maximum
percent difference between modeled and monitored geometric means and instantaneous
violations are within two standard deviations of the observed data at each station; therefore,
the fecal coliform validation is acceptable (Table 4.15). Graphical comparisons between
modeled and observed fecal coliform validation results for the James River-City of

Richmond impairments are shown in Figure 4.28 through 4.34.
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Table 4.15 Comparison of modeled and observed fecal coliform validation results for
the James River-City of Richmond study area watershed.

Modeled Fecal Coliform
10/1/99 - 9/30/03

Monitored Fecal Coliform
10/1/99 - 9/30/03

Stream  Subwatershed Geometric  SS % Geometric ~ SS %
n Mean violations n Mean violations
(cfu/200ml) (cfu/200ml)* (cfu/200ml) (cfu/100ml)*

Falling Creek 20 1,187 158 10% 21 121 14%
Falling Creek 22 1,187 186 10% 14 127 14%
Tuckahoe Creek 26 1,187 61 25% 6 83 17%
James River 3 1,187 73 19% 17 62 6%
James River 5 1,187 48 15% 9 68 0%
James River 7 1,187 109 23% 16 55 0%
James River 8 1,187 99 23% 8 121 13%

1SS = single sample instantaneous standard violations (>400 cfu/100mL)
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Figure 4.28 Fecal coliform quality validation results for 10/1/2003 to 12/31/2006 for
VADEQ station 2-FAC009.46 in subwatershed 20 in Falling Creek (not

impaired).
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Figure 4.29 Fecal coliform quality validation results for 10/1/2003 to 12/31/2006 for
VADEQ station 2-FAC000.85 in subwatershed 22 in Falling Creek.
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Figure 4.30 Fecal coliform quality validation results for 10/1/2003 to 12/31/2006 for
VADEQ station 2-TKOO004.69 in subwatershed 26 in Tuckahoe Creek
(impaired, but not a part of this study).
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Figure 4.31  Fecal coliform quality validation results for 10/1/2003 to 12/31/2006 for
VADEQ station 2-JMS117.35 in subwatershed 3 in the James River

(upper).
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Figure 4.32  Fecal coliform quality validation results for 10/1/2003 to 12/31/2006 for
VADEQ station 2-JMS115.29 in subwatershed 5 in the James River
(lower).
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Figure 4.33  Fecal coliform quality validation results for 10/1/2003 to 12/31/2006 for
VADEQ stations 2-JMS112.33 and 2-JMS112.37 in subwatershed 7 in
the James River (lower).
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Figure 4.34  Fecal coliform quality validation results for 10/1/2003 to 12/31/2006 for
VADEQ station 2-JMS111.17 in subwatershed 8 in the James River
(lower).
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4.7.4 CE-QUAL-W2 - Hydrology Model setup
Inputs to the CE-QUAL-W2 model consist of output from HSPF model, tributary inputs,

tidal inputs, point sources and withdrawals. The break between the riverine and tidally
influenced section of the James River occurs at the outlet of subwatershed 9 (Figure 4.2).
After the HSPF model was calibrated for hydrology and fecal coliform, the output from
subwatershed 9 was reformatted as the upstream James River input to the CE-QUAL-W?2
model. HSPF model output was also used from tributaries and reformatted to be input to
the tidal CE-QUAL-W2 model. These areas include subwatersheds 18, 19, 22, 23, 29,
30, 31, 32, 33, and 40. The overland runoff was simulated in HSPF for subwatersheds
10-15 as input to the CE-QUAL-W2 model. Point sources were input to the CE-QUAL-

W2 model as time series files with flow and bacteria concentrations.

The James River was parsed into branches, which contained multiple segments (Figure
4.35). The cross-sectional information of each segment was input in a bathymetry file.
This file contains information on the topography within the stream for every segment.
The tidal section of the James River was modeled using 6 branches and 73 segments.
This information was obtained from nautical navigation charts (NOAA chart 12252,
www.NauticalCharts.noaa.gov) of the James River and from GIS bathymetry data
received from DEQ.
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Figure 4.35 CE-QUAL-W2 model branches and segments approximate locations
(black numbers) and HSPF model subwatersheds (gray numbers).
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An in-stream tidal model like CE-QUAL-W2 requires boundary conditions at the
beginning and end of the modeled reach in order to drive the flow of the model. The
upstream boundary condition of the James River tidal model was the output of the HSPF
model at subwatershed 9. This data included flow (m®s) and fecal coliform
concentration (cfu/100mL). Upstream boundary files were created for calibration (final
calibration of the riverine James River in HSPF), existing conditions (current bacteria
sources, allocation time period or rainfall, and zero bacteria source reductions), and
allocation (current bacteria sources, allocation time period or rainfall, and James River

riverine allocated) model runs.

During bacteria calibration, the downstream bacteria boundary condition for the James
River tidal segment was fecal coliform concentration data from DEQ station JMS075.04.
For existing conditions and allocation the bacteria concentration entering the James River
tidal segment from downstream was set at 200 cfu/100mL fecal coliform. This
concentration is the equivalent to the E. coli geometric mean standard of 126 cfu/100mL.
Setting the boundary condition at the standard is part of the margin of safety explained in
Section 5.1. The downstream flow boundary condition was based on tide levels at the
NOAA tide station Bermuda Hundred.

4.7.5 CE-QUAL-W2 - Fecal Coliform Water Quality Calibration

Water quality calibration is complicated by a number of factors; first, water quality (fecal
coliform) concentrations are highly dependent on flow conditions. Any variability
associated with the modeling of stream flow compounds the variability in modeling water
quality parameters. Second, the concentration of fecal coliform is particularly variable.
Variability in location and timing of fecal deposition, variability in the density of fecal
coliform bacteria in feces (among species and for an individual animal), environmental
impacts on re-growth and die-off, and variability in delivery to the stream all lead to
difficulty in measuring and modeling fecal coliform concentrations. Additionally, the
VADEQ data were censored at 8,000 cfu/100ml at times and at 16,000 cfu/100ml at other
times. Limited amount of measured data for use in calibration and the practice of

censoring both high and low concentrations impede the calibration process.
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The water quality calibration for the CE-QUAL-W2 model was conducted using data for
the time period from 10/6/1999 through 10/5/2000. There is only one parameter
available for calibration adjustment: in-stream first-order decay rate (FSTDEC). The CE-
QUAL-W2 model output was calibrated for fecal coliform at the following stations in the
James River: JMS109.39, JMS107.51, JMS104.16, JMS103.15, JMS101.03, JMS099.30,
JMS097.41, JMS094.96, JMS093.21, JMS091.00, JMS087.01, and JMS080.76. The
final calibrated value of FSTDEC was 3.0/day.

Careful inspection of graphical comparisons between continuous simulation results and
limited observed points was the primary tool used to guide the calibration process. To
provide a quantitative measure of the agreement between modeled and measured data
while taking the inherent variability of fecal coliform concentrations into account, each
observed value was compared with modeled concentrations in a 2-day window
surrounding the observed data point. Standard error in each observation window was

calculated as follows:

n

> (observed — modeled, )’

)
N

Standard Error =

where

observed =an observed value of fecal coliform
modeled; =a modeled value in the 2 - day window surrounding the observation
n =the number of modeled observations in the 2 - day window

This is a non-traditional use of standard error, applied here to offer a quantitative measure
of model accuracy. In this context, standard error measures the variability of the sample
mean of the modeled values about an instantaneous observed value. The use of limited
instantaneous observed values to evaluate continuous data introduces error and, therefore,
increases standard error. The mean of all standard errors for each station analyzed was
calculated. The standard errors in Table 4.16 range from a low of 5.5 to a high of 330.6.

Even the highest value in this range can be considered quite reasonable when one takes
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into account the censoring of maximum values that is practiced in the collection of actual
water quality samples. The standard error will be biased upwards when an observed high
value censored at 8,000 or 16,000 cfu/100mL is compared to a simulated high value that
may be an order of magnitude or more above the censor limit. Thus, the standard errors

calculated for these impairments are considered an indicator of strong model

performance.
Table 4.16  Mean standard error of the fecal coliform calibrated model for the
tidal section of the James River (10/6/1999 to 10/5/2000).
Mean Maximum Maximum
Standard Simulated Monitored
Error Value Value
Subwatershed Station 0 e (cfu/100 mL)-------
10 2-JMS109.39 330.6 134,983 16,000
10 2-JMS107.51 253.1 107,197 16,000
11 2-JMS104.16 121.1 128,085 7,400
11 2-JMS103.15 235.3 117,944 16,000
12 2-JMS101.03 195.3 63,544 16,000
13 2-JMS099.30 16.3 32,129 1,400
13 2-JMS097.41 14.7 9,450 790
14 2-JMS094.96 7.6 4,943 330
14 2-JMS093.21 16.1 4,403 1,100
14 2-JMS091.00 8.5 4,345 490
15 2-JMS087.01 11.1 487 1,200
15 2-JMS080.76 55 647 220
15 2-JMS078.99 8.2 454 490

Table 4.17 shows the predicted and observed values for the geometric mean and single
sample (SS) instantaneous violations for the James River-City of Richmond stream
segments. For all stations the maximum percent difference between modeled and
monitored geometric means and instantaneous violations were within three standard
deviations of the observed data and, therefore, the fecal coliform -calibration is

acceptable.
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Table 4.17  Comparison of modeled and observed fecal coliform calibration
results for tidal section of the James River.

Modeled Fecal Coliform Monitored Fecal Coliform

e

% 10/6/99 — 10/5/00 10/6/99 — 10/5/00

S

[<5]

g . .

Station E . Gele/lrgae;rlc SS % violations| _ Ge'\o/lrggrt_]rlc SS % violations

=] 1 1

@ (cfu/toomyy  (€w/100mb) (cfurLoomyy  (¢fu/100mi)
2-JMS109.39 10 365 276 37% 12 317 42%
2-JMS107.51 10 365 247 36% 12 341 42%
2-JMS104.16 11 365 183 32% 12 146 17%
2-JMS103.15 11 365 125 23% 12 210 33%
2-JMS101.03 12 365 48 15% 12 136 25%
2-JMS099.30 13 365 21 11% 23 108 9%
2-JMS097.41 13 365 11 % 12 90 8%
2-JMS094.96 14 365 12 6% 12 60 0%
2-JMS093.21 14 365 12 6% 12 77 8%
2-JMS091.00 14 365 12 5% 12 49 8%
2-JMS087.01 15 365 11 1% 24 80 8%
2-JMS080.76 15 365 8 1% 12 49 0%
2-JMS078.99 15 365 7 0% 12 52 8%

1'SS = single sample instantaneous standard violations (>400 cfu/100mL)

Figures 4.36 through 4.48 show the results of water quality calibration. Monitored values
are an instantaneous snapshot of the bacteria level, whereas the modeled values are daily
averages based on hourly modeling. The monitored values may have been sampled at the
highest concentration of the day and thus correctly appear above the modeled daily
average, or the opposite could be true. Although the range of modeled daily average
values may not reach every instantaneous monitored value, the modeled data follows the

trend of monitored data, and includes the monitored extremes.
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Figure 4.36  Fecal coliform quality calibration results for 10/6/1999 to 10/5/2000
for VADEQ station 2-JMS109.39 in subwatershed 10 in the James
River tidal impairment.
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Figure 4.37  Fecal coliform quality calibration results for 10/6/1999 to 10/5/2000
for VADEQ station 2-JMS107.51 in subwatershed 10 in the James
River tidal impairment.
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Figure 4.38 Fecal coliform quality calibration results for 10/6/1999 to 10/5/2000
for VADEQ station 2-JMS104.16 in subwatershed 11 in the James
River tidal impairment.
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Figure 4.39 Fecal coliform quality calibration results for 10/6/1999 to 10/5/2000
for VADEQ station 2-JMS103.15 in subwatershed 11 in the James
River tidal impairment.
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Figure 4.40 Fecal coliform quality calibration results for 10/6/1999 to 10/5/2000
for VADEQ station 2-JMS101.03 in subwatershed 12 in the James
River tidal impairment.
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Figure 4.41 Fecal coliform quality calibration results for 10/6/1999 to 10/5/2000
for VADEQ station 2-JMS099.30 in subwatershed 13 in the James
River tidal impairment.
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Figure 4.42 Fecal coliform quality calibration results for 10/6/1999 to 10/5/2000
for VADEQ station 2-JMS097.41 in subwatershed 13 in the James
River tidal impairment.
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Figure 4.43  Fecal coliform quality calibration results for 10/6/1999 to 10/5/2000
for VADEQ station 2-JMS094.96 in subwatershed 14 in the James
River tidal impairment.
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Figure 4.44 Fecal coliform quality calibration results for 10/6/1999 to 10/5/2000
for VADEQ station 2-JMS093.21 in subwatershed 14 in the James
River tidal impairment.
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Figure 4.45 Fecal coliform quality calibration results for 10/6/1999 to 10/5/2000
for VADEQ station 2-JMS091.00 in subwatershed 14 in the James
River tidal impairment.
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Figure 4.46 Fecal coliform quality calibration results for 10/6/1999 to 10/5/2000
for VADEQ station 2-JMS087.01 in subwatershed 15 in the James
River tidal impairment.
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Figure 4.47 Fecal coliform quality calibration results for 10/6/1999 to 10/5/2000
for VADEQ station 2-JMS080.76 in subwatershed 15 in the James
River tidal impairment.
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Figure 4.48 Fecal coliform quality calibration results for 10/6/1999 to 10/5/2000
for VADEQ station 2-JMS078.99in subwatershed 15 in the James
River tidal impairment.

4.8 Existing Loadings

All appropriate inputs were updated to current conditions. Figure 4.49 shows the
monthly geometric mean of E. coli concentrations in relation to the 126-cfu/100mL
standard at the outlet of the Almond Creek impairment (subwatershed 18). The
remaining impaired segments follow Almond Creek with a monthly geometric mean
graph in this order: Bernards Creek, Falling Creek, Gillie Creek, Goode Creek, James
River (upper), James River (lower), No Name Creek, Powhite Creek, and Reedy Creek.
The existing conditions are shown in Figure 4.49 through 4.58. The James River (tidal)
impairment was modeled using CE-QUAL-W?2. The geometric mean graph is shown as
Figure 4.58.
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Figure 4.49 Monthly geometric mean of E. coli concentrations for existing
conditions at the Almond Creek impairment outlet (subwatershed
18).
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Monthly geometric mean of E. coli concentrations for existing
conditions at the Bernards Creek impairment outlet (subwatershed
16).
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Figure 451 Monthly geometric mean of E. coli concentrations for existing
conditions at the Falling Creek impairment outlet (subwatershed
22).
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Figure 452 Monthly geometric mean of E. coli concentrations for existing
conditions at the Gillie Creek impairment outlet (subwatershed
40).
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Monthly geometric mean of E. coli concentrations for existing
conditions at the Goode Creek impairment outlet (subwatershed
19).
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Figure 454 Monthly geometric mean of E. coli concentrations for existing

conditions at the James River (lower) impairment outlet
(subwatershed 9).
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Figure 455 Monthly geometric mean of E. coli concentrations for existing
conditions at the No Name Creek impairment outlet (subwatershed
23).
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Figure 456 Monthly geometric mean of E. coli concentrations for existing
conditions at the Powhite Creek impairment outlet (subwatershed
17).
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Figure 457 Monthly geometric mean of E. coli concentrations for existing
conditions at the Reedy Creek impairment outlet (subwatershed
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Figure 458 Monthly geometric mean of E. coli concentrations for existing
conditions at the James River (tidal) impairment (subwatershed
10).
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5. ALLOCATION

Total Maximum Daily Loads (TMDLs) consist of waste load allocations (WLAS,
permitted sources) and load allocations (LAs, non-permitted sources) including natural
background levels. Additionally, the TMDL must include a margin of safety (MOS) that
either implicitly or explicitly accounts for the uncertainties in the process (e.g., accuracy

of wildlife populations). The definition is typically denoted by the expression:
TMDL = WLAs + LAs + MOS

The TMDL becomes the amount of a pollutant that can be assimilated by the receiving
waterbody and still achieve water quality standards. For these impairments, the TMDLs

are expressed in terms of colony forming units (or resulting concentration).

Allocation scenarios were modeled using the modified SWMM, HSPF, and CE-QUAL-
W2 models. The first change made to existing conditions was adjusting the flood tides
(incoming) from the James River to subwatershed 15 so that the bacteria from the tides
alone did not result in water quality standards violations. In parallel to this, the incoming
bacteria concentration from the upstream James River was also set to the water quality
standard. Scenarios were created by reducing direct and land-based bacteria until the
water quality standard was attained. The TMDLs developed for the impairments in the
James River — City of Richmond study area were based on the E. coli riverine Virginia
State standard. As detailed in Section 2.1, the VADEQ riverine primary contact
recreational use E. coli standards state that the calendar month geometric-mean
concentration shall not exceed 126 cfu/100 ml.

According to the guidelines put forth by the VADEQ (VADEQ, 2003) for modeling
bacteria with HSPF, the model was set up to estimate loads of fecal coliform, then the
model output was converted to concentrations of E. coli through the use of the following
equation (developed from a data set containing 493 paired data points):

log, (C,.)=-0.0172 +0.91905-log, (C,) E. coli

where C¢ is the concentration of E. coli in cfu/100 mL and Cx. is the concentration of

fecal coliform in cfu/100 mL.
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Pollutant concentrations were modeled over the entire duration of a representative
modeling period, and pollutant loads were adjusted until the standard was met. The
development of the allocation scenario was an iterative process that required numerous
runs, with each followed by an assessment of source reduction against the applicable

water quality standard.

5.1 Margin of Safety (MOS)

In order to account for uncertainty in modeled output, a Margin of Safety (MOS) was
incorporated into the TMDL development process. Individual errors in model inputs,
such as data used for developing model parameters or data used for calibration, may
affect the load allocations in a positive or a negative way. A MOS can be incorporated
implicitly in the model through the use of conservative estimates of model parameters, or
explicitly as an additional load reduction requirement. The intention of an MOS in the
development of a bacteria TMDL is to ensure that the modeled loads do not
underestimate the actual loadings that exist in the watershed. An implicit MOS was used
in the development of these TMDLs. By adopting an implicit MOS in estimating the
loads in the watershed, it is ensured that the recommended reductions will in fact succeed
in meeting the water quality standard. Examples of the implicit MOS used in the
development of these TMDLSs are:

e The flood tides (incoming) from the James River and the incoming bacteria

concentration from the upstream James River was set to the water quality
standard,

e Allocating permitted point sources at the maximum allowable fecal coliform
concentration, and

e Selecting a modeling period that represented the critical hydrologic conditions in
the watershed.

5.2 Waste Load Allocations (WLAS)

There are currently seven Municipal Separate Storm Sewer System (MS4) permits in the
James River — City of Richmond study area that contribute bacteria to surface waters: the
Defense Supply Center - Richmond (VAR040001), City of Richmond (VARO040005),
Chesterfield County (VA0088609), VDOT (VARO040115), Henrico County DPW
(VA0088607), John Tyler Community College (VAR040110), and Hunter Holmes
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McGuire VA Hospital (VAR040116). For this report, it was assumed that all impervious
land within the boundaries of these permits drains to an MS4 outfall. All E. coli from
these areas was allocated to the MS4s in the appropriate TMDL tables. Table 5.1 shows
the areas used to calculate the MS4 bacteria loads in the WLA for each impairment.

The VDOT MS4 permit coverage combines discharge from state maintained highways in
the City of Richmond, Chesterfield County, and Henrico County. In most cases, MS4
areas are overlapping or intertwined and there is currently no standardized methodology
for disaggregating the MS4 loads to assign individual Waste Load Allocations. EPA,
DEQ and DCR support the aggregation of MS4 WLAs for this reason. Additionally,
aggregation encourages stakeholder cooperation and speeds the implementation of

appropriate BMPs to address reductions required by the TMDL.

The bacteria loads from CSOs were calculated using the modeled output from the City of
Richmond’s SWMM model developed for their permit requirements. The daily bacteria
concentrations were multiplied by flow and the proper conversions, then averaged over

one year to become loads of bacteria (cfu/year).

The WLA load for each impairment also includes a load set aside for the future growth of
the human population. This factor allows for growth of new permits and the expansion of
existing permits. All permitted discharges must discharge at or below the current water
quality standard level; therefore, these expansions will not cause violations of the
standard in-stream. The future growth load was calculated as either 1% of the final
TMDL load or five times the load from wastewater treatment facilities (WWTF), except
in Reedy Creek. Future growth in Reedy Creek was calculated as half the straight pipe
load because 1% of the TMDL was too large. If a higher load is required for future
permits, a 1% reduction from the low and medium intensity residential (LMIR) land use
would allow a future growth load of 1% of the TMDL for Reedy Creek.
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Table 5.1 Impervious land areas used to calculate the James River — City of Richmond area MS4 WLA:s.
Impervious Land Area Within MS4 Areas (acres)
i . Chesterfield Henrico John Tyler Hunter Holmes
Total Drainage Defegzz;urpply C'(?// :meggg]So)?d County County DPW  Community McGuire
Impairment (acres) g Richmond  Virainia VDOT (VA0088609) /  (VA0088607) / College VA Hospital
(VAR040001) (VgARO40115) Virginia VDOT Virginia VDOT (VAR040110) (VAR040116)
(VAR040115)  (VAR040115)

Almond Creek 3,342 0 21 0 386 0 0
Bernards Creek 10,932 0 0 435 0 0 0
Falling Creek 38,943 21 671 5,087 0 0 0
Gillie Creek 11,233 0 148 0 1,361 0 0
Goode Creek 4,137 0 907 0 0 0 79
James River (lower) 137,110 0 1,422 1,575 2,787 0 0
James River (tidal) 289,470 172 3,611 10,117 5,216 19 0
No Name Creek 1,100 77 0 204 0 0 0
Powhite Creek 7,387 0 287 840 0 0 0
Reedy Creek 3,108 0 472 21 0 0 0
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5.3 Load Allocations (LAS)

Load allocations to nonpoint sources are divided into land-based loadings from land uses
(nonpoint source, NPS) and directly applied loads in the stream (e.qg., livestock, wildlife).
Source reductions include those that are affected by both high and low flow conditions.
Land-based NPS loads had their most significant impact during high-flow conditions,
while direct deposition NPS had their most significant impact on low flow
concentrations. The BST results confirmed the presence of human, livestock, pet, and
wildlife contamination in all impairments. Nonpoint source load reductions were
performed by land use, as opposed to reducing sources, as it is considered that the
majority of NPS BMPs will be implemented by land use. Reductions on agricultural land

uses (pasture and cropland) include reductions required for land applied livestock wastes.

5.4 Final Total Maximum Daily Loads (TMDLS)

Allocation scenarios were run sequentially, beginning with headwater impairments, and
then continuing with downstream impairments until all impairments were allocated to 0%
exceedances of all applicable standards. The first table in each of the following sections
represents a small portion of the scenarios developed to determine the TMDLs. The first
five scenarios were run for all impairments simultaneously; subsequent runs were made
after upstream impairments were allocated. Scenario 1 in each table describes a baseline

scenario that corresponds to the existing conditions in the watershed.

Reduction scenarios exploring the role of anthropogenic sources in standard violations
were explored first to determine the feasibility of meeting the standard without wildlife
reductions. In each table, Scenario 2 eliminated direct human sources (straight pipes,
non-permitted sewer overflows, leaking sewer lines, and illicit cross-connections of
residential wastes to the stormwater collection system). Scenario 3 shows the impact of
reducing direct livestock and direct human sources. Since part of the TMDL
development is the identification of phased implementation strategies, a typical
management scenario was explored as well. Scenario 4 in each table contains reductions
of 50% in all anthropogenic (human, livestock, and pet) land-based loads, 100%
reduction in un-permitted sewer overflows and straight pipes, a 90% reduction in direct

livestock deposition, and a 0% reduction in wildlife direct and land-based loading to the
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stream. Scenario 5 attempts to determine the impact of non-anthropogenic sources
(wildlife), by exploring 100% reductions in all anthropogenic land-based and direct
loads. In most cases, the model predicts that the water quality standard will not be met
without reductions in wildlife loads. Further scenarios in each table explore a range of
management scenarios, leading to the final allocation scenario that contains the predicted

reductions needed to meet 0% exceedance of all applicable water quality standards.

For impaired stream segments that are impacted by CSOs, extra scenarios are included
that show the impacts of these sources during wet weather and the treatment of dry
weather flows by the Richmond WWTP. These scenarios are existing conditions
(including improvements made to the treatment and structures to date), Alternative E, or
Alternative E with further reductions.  Alternative E refers to the preferred
implementation of the City of Richmond’s Phase III CSO Control Plan (Greeley and
Hanson, 2006 and Appendix E, Figure E.1).

The graphs in the following sections depict the existing and allocated monthly geometric

mean in-stream bacteria concentrations.

The second table in the following sections shows the existing and allocated fecal coliform
land-based and direct loads that are input into the HSPF model. The third table shows the
final in-stream allocated loads for the appropriate bacteria species. These values are
output from the HSPF model and incorporate in-stream die-off, tidal mixing, and other
hydrological and environmental processes involved during runoff and stream routing
techniques within the HSPF model framework. The values in the second and third tables
are the results of different modeling processes and it is not appropriate to directly
compare values between the tables. The final table is an estimation of the in-stream daily
load of bacteria.

The tables and graphs in the following sections all depict values at the corresponding
impairment outlet. The impairment outlet is the mouth of the impaired segment as the
segments are described in Section 1.1. It is the point at which the impaired stream flows
out of the most downstream subwatershed. The impairment outlets for the impaired
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segments within the James River — City of Richmond are at the mouths of the

subwatersheds in the “Outlet” column of Table 4.1.

5.4.1 Almond Creek

Table 5.2 shows allocation scenarios used to determine the final TMDL for Almond
Creek. Because Virginia’s standard does not permit any exceedances, modeling was
conducted for a target value of 0% exceedance of the VADEQ riverine primary contact
recreational (swimming) use standard (126 cfu/100mL geometric mean). The existing
condition, Scenario 1, shows the violation percentage with no reductions. Although the
existing conditions had violations, Scenario 2 (eliminating non-permitted direct human
inputs) showed dramatic improvement. Scenario 3 showed that eliminating direct
livestock would slightly benefit water quality. A typical management scenario, Scenario
4, slightly improved water quality. This scenario showed improvement, but the standard
was still not met. Scenario 5 shows 100% reductions to all anthropogenic sources;
however, exceedances persisted. This scenario shows that reductions to wildlife loads or
CSO loads must be made. The first 5 scenarios are explained in more detail in Section
5.4.

Scenario 6 has a 52% reduction in the CSO bacteria load with fewer reductions needed to
agricultural and low and medium intensity residential (LMIR) nonpoint source loads.
The standard was met with this scenario. Therefore, the final TMDL was developed
using Scenario 6 with a 91% reduction from direct livestock loads, a 85% reduction from
residential land-based loads, and 100% correction of straight pipes and non-permitted
sewer overflows, and a 52% reduction in the CSO bacteria load beyond the reductions

from Alternative E (Greeley and Hanson, 2006 and Appendix E, Figure E.1).

Scenario 7 had a 18% reduction in the CSO bacteria load with fewer reductions needed to
agricultural and low intensity residential (LMIR) nonpoint source loads. Scenario 7
meets a geometric mean of 206 cfu/100mL. This scenario may be used as a first target,

or Stage I, goal during the implementation of best management practices (BMPs).
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Table 5.2 Allocation scenarios for reducing current bacteria loads in Almond Creek (subwatershed 18). |g
Percent Reductions to Existing Bacteria Loads Y
<
VADEQ E. coli g
Human and City of Richmond  Standard 'g
Wildlife Land Agricultural Human Pet Land CSO Program percent @
Based Land Based Direct Based Project Plan violations -
Barren,
Commercial, Cropland,
Wildlife Forest, HIR, Livestock Pasture, Straight
Scenario Direct  Wetlands Direct LAX Pipes LMIR Scenario >126 GM
1 0 0 0 0 0 0 Existing 60.00
2 0 0 0 0 100 0 Existing 15.00
3 0 0 100 0 100 0 Existing 11.67
4 0 0 90 50 100 50 Existing 10.00
5 0 0 100 100 100 100 Existing 6.67
Alternative E and a
6! 0 0 91 0 100 85 52% reduction 0.00
Alternative E and an
72 0 0 0 0 100 78 18% reduction NA

'Final TMDL Scenario
*Meets a GM of 206 cfu/100mL; possible Stage | scenario
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Figure 5.1 shows the existing and allocated monthly geometric mean E. coli
concentrations from Almond Creek impairment outlet. This graph shows existing

conditions in black, with allocated conditions overlaid in blue.
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Figure 5.1  Existing and allocated monthly geometric mean in-stream E. coli
concentrations in subwatershed 18, Almond Creek impairment
outlet.

Table 5.3 contains estimates of existing and allocated in-stream E. coli loads at the
Almond Creek impairment outlet reported as average annual cfu per year. The estimates
in Table 5.3 are generated from available data, and these values are specific to the
impairment outlet for the allocation rainfall for the current land use distribution in the
watershed. The percent reductions needed to meet zero percent violations of the 126-

cfu/100mL geometric mean standard are given in the final column.

In Appendix C, Tables C.1 through C.4 include the land-based fecal coliform load
distributions and offer more details for specific implementation development and source

assessment evaluation.
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Table 5.3 Estimated existing and allocated E. coli in-stream loads in the Almond
Creek impairment.

Total Annual Loading  Total Annual Loading

Source for Existing Run for Allocation Run Rzglzccetri];n
(cfulyr) (cfulyr)
Land Based
Barren 2.02E+10 2.02E+10 0%
Commercial 3.56E+10 3.56E+10 0%
Cropland 5.33E+09 5.33E+09 0%
Forest 3.06E+10 3.06E+10 0%
Livestock Access 0.00E+00 0.00E+00 0%
Low and Medium 1.53E+13 2.29E+12 85%
Density Residential
Open Space 4.00E+11 4.00E+11 0%
Pasture 2.19E+11 2.19E+11 0%
Wetland 1.33E+09 1.33E+09 0%
Direct
Human 1.82E+12 0.00E+00 100%
Livestock 5.90E+11 5.31E+10 91%
Wildlife 4.62E+11 4.62E+11 0%
Permitted Sources 1.74E+09 1.74E+09 0%
Future Growth 0.00E+00 6.67E+10 NA
CSOs CSO Loads 6.42E+12 3.08E+12 52%
Total Loads 2.53E+13 6.67E+12 73.6%

Table 5.4 shows the average annual TMDL, which gives the average amount of bacteria
that can be present in the stream in a given year, and still meet existing water quality
standard. These values are output from the HSPF model and incorporate in-stream die-
off and other hydrological and environmental processes involved during runoff and
stream routing techniques within the HSPF model framework. The City of Richmond,
Henrico County, and VDOT currently have Municipal Separate Storm Sewer System
(MS4) permits, which are partly in the Almond Creek drainage area. In most cases, MS4
areas are overlapping or intertwined and there is currently no standardized methodology
for disaggregating the MS4 loads to assign individual Waste Load Allocations. EPA,
DEQ and DCR support the aggregation of MS4 WLAs for this reason. Additionally,
aggregation encourages stakeholder cooperation and speeds the implementation of

appropriate BMPs to address reductions required by the TMDL. To account for future
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growth of urban and residential human populations, one percent of the final TMDL was

set aside for future growth in the WLA portion.

Table 5.4 Final average annual cumulative in-stream E. coli bacterial loads
(cfulyear) modeled after TMDL allocation in the Almond Creek

impairment.
Impairment WLA LA MOS TMDL
Almond Creek 4.39E+12 2.28E+12 6.67E+12

VAG404029 * 1.74E+09

MS4 City of Richmond 7 2
ARk } 6.44E+10

MS4 Henrico County 2
MS4 VDOT 1.18E+12
VA0063177: CSOs * 3.08E+12
Future Load * 6.67E+10

T Any issued permit will include bacteria effluent limits in accordance with applicable permit guidance and
will ensure that the discharge meets the applicable numeric water quality criteria for bacteria at the end-of-
pipe.

2 Each of the municipality MS4 loads has been aggregated with a portion of the adjacent VDOT MS4 load,
due to the continuity of the system. For MS4/VSMP permits, the permittee may address the TMDL WLAs
for stormwater through the iterative implementation of programmatic BMPs.

® The WLA associated with the combined sewer system will be addressed through the performance
standards for the facilities in the approved Long Term Control Plan (LTCP). If WQSs are not attained after
the completion of CSO LTCP as determined by post-construction monitoring, additional steps may be
required per EPA CSO Policy at IV.B.2.g.

*The WLA reflects an allocation for potential future permits issued for bacteria control.

Starting in 2007, the USEPA has mandated that TMDL studies include a daily load, as
well as the average annual load previously shown. The approach to developing a daily
maximum load was similar to the USEPA approved approach to developing load duration
bacterial TMDLs. Specifically, the daily TMDL is calculated using the 99th percentile
daily flow condition at the numeric water quality criterion of 235 cfu/100ml. The daily
WLA is the annual divided by 365 and the daily LA is the difference between the TMDL

and WLA. The daily average in-stream loads for Almond Creek are shown in Table 5.5.
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Table 5.5 Final average daily cumulative in-stream E. coli bacterial loads
(cfu/day) modeled after TMDL allocation in the Almond Creek

impairment.
Impairment WLA LA MOS TMDL?
Almond Creek 1.21E+10 4.57E+11 4.69E+11
VAG404029 * 4.77E+06
MS4 City of Richmond 8
ARk } 1.77E+08
MS4 Henrico County 8
MS4 VDOT 3.25E+09
VA0063177: CSOs * 8.45E+09
Future Load ° 1.83E+08

T Any issued permit will include bacteria effluent limits in accordance with applicable permit guidance and
will ensure that the discharge meets the applicable numeric water quality criteria for bacteria at the end-of-

pipe.

“The TMDL is presented for the 99th percentile daily flow condition at the numeric water quality criterion
of 235 cfu/100ml. The TMDL is variable depending on flow conditions. The numeric water quality
criterion associated with the geometric mean may be used to assess progress toward TMDL goals.

® Each of the municipality MS4 loads has been aggregated with a portion of the adjacent VDOT MS4 load,
due to the continuity of the system. For MS4/VSMP permits, the permittee may address the TMDL WLAs
for stormwater through the iterative implementation of programmatic BMPs.

* The WLA associated with the combined sewer system will be addressed through the performance
standards for the facilities in the approved Long Term Control Plan (LTCP). If WQSs are not attained after
the completion of CSO LTCP as determined by post-construction monitoring, additional steps may be
required per EPA CSO Policy at IV.B.2.g.

>The WLA reflects an allocation for potential future permits issued for bacteria control.

5.4.2 Bernards Creek

Table 5.6 shows allocation scenarios used to determine the final TMDL for Bernards
Creek. Because Virginia’s standard does not permit any exceedances, modeling was
conducted for a target value of 0% exceedance of the VADEQ riverine primary contact
recreational (swimming) use standard (126 cfu/100mL geometric mean). The existing
condition, Scenario 1, shows the violation percentage with no reductions. Although the
existing conditions had violations, Scenario 2 (eliminating non-permitted direct human
inputs) showed dramatic improvement. Scenario 3 showed that eliminating direct
livestock would slightly benefit water quality. A typical management scenario, Scenario
4, slightly improved water quality. This scenario showed improvement, but the standard

was still not met. Scenario 5 shows 100% reductions to all anthropogenic sources;

5-12 ALLOCATION



TMDL Development James River — City of Richmond, VA

however, exceedances persisted. This scenario shows that reductions to wildlife loads

must be made. The first 5 scenarios are explained in more detail in Section 5.4.

Scenario 6 has a 37% reduction in the land-based wildlife bacteria load with a 99%
reduction to agricultural and low and medium intensity residential (LMIR) nonpoint
source loads. The standard was still not met with this scenario. Scenario 7 has a 38%
reduction in the land-based wildlife bacteria load, a 99% reduction to direct livestock
loads, a 93% reduction to land—based agricultural loads, a 96% reduction to LMIR loads,
and 100% reduction to direct human loads. This scenario met the standard. Therefore,

the final TMDL was developed using Scenario 7.

Scenario 8 meets a geometric mean of 206 cfu/100mL. This scenario may be used as a
first target, or Stage I, goal during the implementation of best management practices
(BMPs).
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Table 5.6 Allocation scenarios for reducing current bacteria loads in Bernards Creek (subwatershed 16).

Percent Reductions to Existing Bacteria Loads

VADEQ E. coli
Human and  Standard
Wildlife Land Agricultural Human Pet Land percent
Based Land Based Direct Based violations
Barren,
Commercial, Cropland,
Wildlife Forest, HIR, Livestock Pasture, Straight
Scenario  Direct  Wetlands Direct LAX Pipes LMIR >126 GM
1 0 0 0 0 0 0 51.67
2 0 0 0 0 100 0 30.00
3 0 0 100 0 100 0 21.67
4 0 0 90 50 100 50 16.67
5 0 0 100 100 100 100 10.00
6 0 37 100 99 100 99 1.67
7t 0 38 99 93 100 96 0.00
8’ 0 0 99 48 100 71 NA

TFinal TMDL Scenario
“Meets a GM of 206 cfu/100mL; possible Stage | scenario
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Figure 5.2 shows the existing and allocated monthly geometric mean E. coli
concentrations from Bernards Creek impairment outlet. This graph shows existing

conditions in black, with allocated conditions overlaid in blue.
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Figure 5.2  Existing and allocated monthly geometric mean in-stream E. coli
concentrations in subwatershed 16, Bernards Creek impairment
outlet.

Table 5.7 contains estimates of existing and allocated in-stream E. coli loads at the
Bernards Creek impairment outlet reported as average annual cfu per year. The estimates
in Table 5.7 are generated from available data, and these values are specific to the
impairment outlet for the allocation rainfall for the current land use distribution in the
watershed. The percent reductions needed to meet zero percent violations of the 126-

cfu/100mL geometric mean standard are given in the final column.

In Appendix C, Tables C.5 through C.8 include the land-based fecal coliform load
distributions and offer more details for specific implementation development and source

assessment evaluation.
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Table 5.7 Estimated existing and allocated E. coli in-stream loads in the
Bernards Creek impairment.
Total Annual Loading  Total Annual Loading
Source for Existing Run for Allocation Run Percent
Reduction
(cfulyr) (cfulyr)
Land Based
Barren 0.00E+00 0.00E+00 0%
Commercial 3.64E+07 2.26E+07 38%
Cropland 1.77E+12 1.24E+11 93%
Forest 1.45E+14 8.99E+13 38%
Livestock Access 4.25E+09 2.97E+08 93%
Low and Medium
Density Residential 6.10E+13 2.44E+12 96%
Open Space 1.12E+14 6.94E+13 38%
Pasture 4.11E+13 2.87E+12 93%
Wetland 9.32E+11 5.78E+11 38%
Direct
Human 1.88E+12 0.00E+00 100%
Livestock 5.88E+11 5.88E+09 99%
Wildlife 3.48E+05 3.48E+05 0%
Permitted Sources 0.00E+00 0.00E+00 0%
Future Growth 0.00E+00 1.67E+12 NA
Total Loads 3.64E+14 1.67E+14 54.1%

Table 5.8 shows the average annual TMDL, which gives the average amount of bacteria

that can be present in the stream in a given year, and still meet the existing water quality

standard. These values are output from the HSPF model and incorporate in-stream die-

off and other hydrological and environmental processes involved during runoff and

stream routing techniques within the HSPF model framework. To account for future

growth of urban and residential human populations, one percent of the final TMDL was

set aside for future growth in the WLA portion.
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Table 5.8 Final average annual cumulative in-stream E. coli bacterial loads
(cfulyear) modeled after TMDL allocation in the Bernards Creek

impairment.
Impairment WLA LA MOS TMDL
Bernards Creek 1.67E+12 1.65E+14 1.67E+14

Future Load'  1.67E+12
I The WLA reflects an allocation for potential future permits issued for bacteria control.

Starting in 2007, the USEPA has mandated that TMDL studies include a daily load as
well as the average annual load previously shown. The approach to developing a daily
maximum load was similar to the USEPA approved approach to developing load duration
bacterial TMDLs. Specifically, the daily TMDL is calculated using the 99th percentile
daily flow condition at the numeric water quality criterion of 235 cfu/100ml. The daily
WLA is the annual divided by 365 and the daily LA is the difference between the TMDL

and WLA. The daily average in-stream loads for Bernards Creek are shown in Table 5.9.

Table 5.9 Final average daily cumulative in-stream E. coli bacterial loads
(cfu/day) modeled after TMDL allocation in the Bernards Creek

impairment.
Impairment WLA LA MOS TMDL?
Bernards Creek 4.58E+09 1.01E+12 1.01E+12

Future Load®  4.58E+09

T The WLA reflects an allocation for potential future permits issued for bacteria control.

2The TMDL is presented for the 99th percentile daily flow condition at the numeric water quality criterion
of 235 cfu/100ml. The TMDL is variable depending on flow conditions. The numeric water quality
criterion associated with the geometric mean may be used to assess progress toward TMDL goals.

5.4.3 Falling Creek

Table 5.10 shows allocation scenarios used to determine the final TMDL for Falling
Creek. Because Virginia’s standard does not permit any exceedances, modeling was
conducted for a target value of 0% exceedance of the VADEQ riverine primary contact
recreational (swimming) use standard (126 cfu/100mL geometric mean). The existing

condition, Scenario 1, shows the violation percentage with no reductions. Although the
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existing conditions had violations, Scenario 2 (eliminating non-permitted direct human
inputs) showed dramatic improvement. Scenario 3 showed that eliminating direct
livestock would not benefit water quality. A typical management scenario, Scenario 4,
shows no standard violations. Scenario 5 shows 100% reductions to all anthropogenic
sources, showing that reductions to wildlife loads are not required. The first 5 scenarios

are explained in more detail in Section 5.4.

Scenario 6 has a 13% reduction to low and medium intensity residential (LMIR) nonpoint
source loads and a 100% correction of straight pipes and non-permitted sewer overflows.
This scenario met the standard. Therefore, the final TMDL was developed using

Scenario 6.

Scenario 2 meets a geometric mean of 206 cfu/100mL. This scenario may be used as a
first target, or Stage I, goal during the implementation of best management practices
(BMPs).
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Table 5.10  Allocation scenarios for reducing current bacteria loads in Falling Creek (subwatershed 22).

Percent Reductions to Existing Bacteria Loads

VADEQ E. coli
Humanand  Standard
Wildlife Land Agricultural Human Pet Land percent
Based Land Based Direct Based violations
Barren,
Commercial, Cropland,
Wildlife Forest, HIR, Livestock Pasture, Straight
Scenario  Direct  Wetlands Direct LAX Pipes LMIR >126 GM
1 0 0 0 0 0 0 46.67
2? 0 0 0 0 100 0 1.67
3 0 0 100 0 100 0 1.67
4 0 0 90 50 100 50 0.00
5 0 0 100 100 100 100 0.00
6' 0 0 0 0 100 13 0.00

TFinal TMDL Scenario
“Meets a GM of 206 cfu/100mL; possible Stage | scenario
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Figure 5.3 shows the existing and allocated monthly geometric mean E. coli
concentrations from Falling Creek impairment outlet. This graph shows existing

conditions in black, with allocated conditions overlaid in blue.
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Figure 5.3  Existing and allocated monthly geometric mean in-stream E. coli
concentrations in subwatershed 22, Falling Creek impairment
outlet.

Table 5.11 contains estimates of existing and allocated in-stream E. coli loads at the
Falling Creek impairment outlet reported as average annual cfu per year. The estimates
in Table 5.11 are generated from available data, and these values are specific to the
impairment outlet for the allocation rainfall for the current land use distribution in the
watershed. The percent reductions needed to meet zero percent violations of the 126-

cfu/100mL geometric mean standard are given in the final column.
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In Appendix C, Tables C.9 through C.12 include the land-based fecal coliform load
distributions and offer more details for specific implementation development and source

assessment evaluation.

Table5.11  Estimated existing and allocated E. coli in-stream loads in the Falling
Creek impairment.

Total Annual Loading  Total Annual Loading

Source for Existing Run for Allocation Run Percent
Reduction
(cfulyr) (cfulyr)
Land Based
Barren 1.55E+09 1.55E+09 0%
Commercial 5.97E+10 5.97E+10 0%
Cropland 7.37E+08 7.37E+08 0%
Forest 3.41E+12 3.41E+12 0%
Livestock Access 2.73E+08 2.73E+08 0%
[;‘;]"S"ig/”g:gi‘é‘i'#t?;l 7.47E+13 6.50E+13 13%
Open Space 8.64E+12 8.64E+12 0%
Pasture 2.08E+11 2.08E+11 0%
Wetland 7.19E+09 7.19E+09 0%
Direct
Human 1.95E+13 0.00E+00 100%
Livestock 2.64E+12 2.64E+12 0%
Wildlife 1.47E+13 1.47E+13 0%
Permitted Sources 1.74E+09 1.74E+09 0%
Future Growth 0.00E+00 9.56E+11 NA
Total Loads 1.24E+14 9.56E+13 22.8%

Table 5.12 shows the average annual TMDL, which gives the average amount of bacteria
that can be present in the stream in a given year, and still meet the existing water quality
standard. These values are output from the HSPF model and incorporate in-stream die-
off and other hydrological and environmental processes involved during runoff and
stream routing techniques within the HSPF model framework. The City of Richmond,
Chesterfield County, the Defense Supply Center, and VDOT currently have Municipal
Separate Storm Sewer System (MS4) permits, which are partly in the Falling Creek
drainage area. There is currently no standardized methodology acceptable to all

stakeholders for disaggregating the VDOT MS4 load from that of the municipality’s MS4
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load for assigning waste load allocations, due to the continuity of the drainage systems.
Therefore, each municipality MS4 permit and its adjacent portion of the VDOT MS4
permit were assigned an aggregated load in the TMDL. To account for future growth of
urban and residential human populations, one percent of the final TMDL was set aside

for future growth in the WLA portion.

Table5.12  Final average annual cumulative in-stream E. coli bacterial loads
(cfulyear) modeled after TMDL allocation in the Falling Creek

impairment.
Impairment WLA LA MOS TMDL
Falling Creek 1.64E+13 7.92E+13 9.56E+13
VAG404238 * 1.74E+09
MS4 Defense Supply Center — Richmond 2 5.60E+10
. . )
MS4 Egﬁo\iggﬁmond } 1.79E+12
5 2
MS4 Cﬁ;;e\r;ggiTCounty } 1 36E+13
Future Load 9.56E+11

T Any issued permit will include bacteria effluent limits in accordance with applicable permit guidance and
will ensure that the discharge meets the applicable numeric water quality criteria for bacteria at the end-of-

pipe.

2 Each of the municipality MS4 loads has been aggregated with a portion of the adjacent VDOT MS4 load,
due to the continuity of the system. For MS4/VSMP permits, the permittee may address the TMDL WLAs
for stormwater through the iterative implementation of programmatic BMPs.

®The WLA reflects an allocation for potential future permits issued for bacteria control.

Starting in 2007, the USEPA has mandated that TMDL studies include a daily load as
well as the average annual load previously shown. The approach to developing a daily
maximum load was similar to the USEPA approved approach to developing load duration
bacterial TMDLs. Specifically, the daily TMDL is calculated using the 99th percentile
daily flow condition at the numeric water quality criterion of 235 cfu/100ml. The daily
WLA is the annual divided by 365 and the daily LA is the difference between the TMDL
and WLA. The daily average in-stream loads for Falling Creek are shown in Table 5.13.
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Table 5.13  Final average daily cumulative in-stream E. coli bacterial loads
(cfu/day) modeled after TMDL allocation in the Falling Creek

impairment.
Impairment WLA LA MOS TMDL?
Falling Creek 448E+10 6.43E+12 6.47TE+12
VAG404238 * 4.77E+06
MS4 Defense Supply Center — Richmond * 1.53E+08
. . .
MS4 ,Sl'&o\';gg}mond } 4.90E+09
1 3
MS4 Cl\r/lless;re\r/fll:e)zlcc;_l(_:ounty } 3.79E410
Future Load * 2.62E+09

T Any issued permit will include bacteria effluent limits in accordance with applicable permit guidance and
will ensure that the discharge meets the applicable numeric water quality criteria for bacteria at the end-of-

pipe.

“The TMDL is presented for the 99th percentile daily flow condition at the numeric water quality criterion
of 235 cfu/100ml. The TMDL is variable depending on flow conditions. The numeric water quality
criterion associated with the geometric mean may be used to assess progress toward TMDL goals.

® Each of the municipality MS4 loads has been aggregated with a portion of the adjacent VDOT MS4 load,
due to the continuity of the system. For MS4/VSMP permits, the permittee may address the TMDL WLAs
for stormwater through the iterative implementation of programmatic BMPs.

*The WLA reflects an allocation for potential future permits issued for bacteria control.

5.4.4 Gillie Creek

Table 5.14 shows allocation scenarios used to determine the final TMDL for Gillie
Creek. Because Virginia’s standard does not permit any exceedances, modeling was
conducted for a target value of 0% exceedance of the VADEQ riverine primary contact
recreational (swimming) use standard (126 cfu/100mL geometric mean). The existing
condition, Scenario 1, shows the violation percentage with no reductions. Scenario 2
(eliminating non-permitted direct human inputs) showed improvement. Scenario 3
showed that eliminating direct livestock would not benefit water quality. A typical
management scenario, Scenario 4, slightly improved water quality. This scenario showed
improvement, but the standard was still not met. Scenario 5 shows 100% reductions to
all anthropogenic sources except CSO loads and exceedances persisted. This scenario
shows that reductions to wildlife loads or CSO loads must be made. The first 5 scenarios

are explained in more detail in Section 5.4.
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Scenario 6a incorporates the City of Richmond’s Long Term Control Plan (LTCP)
Alternative E with no further reductions (Alternative E is explained in Section 5.4 and
Greeley and Hanson, 2006 and Appendix E, Figure E.1). This scenario decreases the
violation percentage by 1.67%. Scenario 6 shows Alternative E with a 94% reduction
from low and medium intensity residential (LMIR) nonpoint source loads and a 100%
correction of straight pipes and non-permitted sewer overflows. This scenario does not

meet the standard, but is closer with a 15% violation rate.

Scenario 7 incorporates the City of Richmond’s Long Term Control Plan Alternative E
with an additional 95% reduction in bacteria from the CSOs, as well as a 94% reduction
from low and medium intensity residential (LMIR) nonpoint source loads and a 100%
correction of straight pipes and non-permitted sewer overflows. This scenario meets the
primary contact standard and was used in TMDL calculations (Alternative E is explained
in Section 5.4 and Greeley and Hanson, 2006 and Appendix E, Figure E.1).

Scenario 8 meets a geometric mean of 206 cfu/100mL. Scenario 8 includes Alternative E
and an additional 91% reduction in bacteria from the CSOs, a 92% reduction from LMIR
nonpoint source loads, and a 100% correction of straight pipes and non-permitted sewer

overflows.

In Scenario 9, Gillie Creek was divided into upstream (9a) and downstream (9b)
segments. This is due to the fact that the downstream 1.7 miles is a limited-access
concrete channel (Figure 5.4), while the upstream section is a natural stream. The
upstream section, which includes subwatersheds 40 and 71, and CSO #031, was allocated
to meet the primary contact recreational use standard (126 cfu/100mL geometric mean).
The upstream segment needs a 96% reduction from LMIR nonpoint source loads, a 100%
correction of straight pipes and non-permitted sewer overflows, and Alternative E to meet
the 126 cfu/100mL geometric mean primary contact standard. The remaining
subwatersheds and CSO contributions (#004, #024, #025, #026, #028, #031, and #039)
were allocated to the secondary contact recreational use standard (a geometric mean of
630 cfu/100mL) while keeping the upstream allocation the same. This lower section of

Gillie Creek has limited access and a low appeal for swimming. The downstream
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segment needs a 97% reduction from LMIR nonpoint source loads, a 100% correction of
straight pipes and non-permitted sewer overflows, and Alternative E with an additional
73% reduction in bacteria from the CSOs to meet the 630 cfu/100mL geometric mean
secondary contact standard. Thus scenario 9a and 9b in Table 5.14 were presented here
to examine what the reductions would be if the upper section (9a) met the primary
contact recreational use standard (126 cfu/100mL geometric mean) and the lower section
(9b) met the secondary contact recreational use standard (630 cfu/100mL geometric

mean).

The implementation of the scenario 9a/9b alternative makes logical sense, as the lower
Gillie Creek section is a concrete channel with limited access. Swimming is uncommon,
as it is not aesthetically pleasing, with existing signage to restrict access. Also the design,
location of channel, and fencing make the channel difficult to access. A portion of the
implementation could be further limiting access to this section of the stream, including
more descriptive signage to discourage swimming. Using the scenario 9a/9b combination
for Gillie Creek during implementation could provide reasonable assurance that
Virginia’s standards can be met in a way that is both logical and economical for all

stakeholders involved.
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Figure 5.4  Gillie Creek looking upstream from Railroad Bridge above
Government Road; Concrete Trapezoid; May 1, 2009.

Two scenarios were evaluated with both environmental and economic benefits in mind.
Scenario 10 in Table 5.14 shows the violation percentage if 5SMG (million gallons) of
storage is implemented for the Gillie Creek CSOs. Comparing Scenario 10 to Scenario
6a (implementing only Alternative E) shows that the additional 5SMG of storage would
reduce violations by approximately 28.33%. The addition of the 5SMG storage reduces
the number of days with overflows during the five year modeling time periods from 297
days to 9 days. Further investigation, Scenario 11, shows that with the same reductions
to human direct sources (100%) and LMIR sources (94%) as those needed to meet the
standard in Scenario 7, plus the additional 5MG of storage for Gillie Creek CSOs, the
percent violation rate is 3.33%. This provides a 91.67% reduction in percent violations
from the existing conditions (Scenario 1); and a 90% reduction in percent violations from
implementing Alternative E only (Scenario 6a). Scenarios 10 or 11 could be used during
implementation plan development as optional stages for Gillie Creek .

The City of Richmond has completed preliminary cost estimates for the implementation
of the scenarios that call for reductions beyond Alternative E. The City has estimated
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that to implement 29.2MG of storage resulting in the needed 95% reduction in CSO
bacteria load (Scenario 7) would cost taxpayers $300 million dollars. Similarly to
implement the Scenario 9a/9b combination would cost $230 million dollars to construct
22.AMG of storage to obtain the needed 73% reduction in CSO bacteria load.
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Table 5.14  Allocation scenarios for reducing current bacteria loads in Gillie Creek (subwatersheds 40, 63-68, 71, 79).

Percent Reductions to Existing Bacteria Loads
Human and City of Richmond

Wildlife Land Agricultural Human Pet Land CSO Program VADEQ E. coli Standard
Based Land Based Direct Based Project Plan percent violations
Barren,
Commercial, Cropland,
Wildlife Forest, HIR, Livestock Pasture, Straight
Scenario Direct  Wetlands Direct LAX Pipes LMIR Scenario >126 GM
1 0 0 0 0 0 0 Existing 95.00
2 0 0 0 0 100 0 Existing 60.00
3 0 0 100 0 100 0 Existing 60.00
4 0 0 90 50 100 50 Existing 55.00
5 0 0 100 100 100 100 Existing 38.33
6a 0 0 0 0 0 0 Alternative E 93.33
6 0 0 0 0 100 94 Alternative E 15.00
Alternative E and a
7' 0 0 0 0 100 94 95% reduction 0.00
Alternative E and a
8 0 0 0 0 100 92 91% reduction 0.0 >206 GM
9a° 0 0 0 0 100 96 Alternative E 0.00
Alternative E and a
ob* 0 0 0 0 100 97 73% reduction 0.0 >630 GM
Alternative E and
10 0 0 0 0 0 0 5MG storage 65.0
Alternative E and
11 0 0 0 0 100 94 5MG storage 3.33

Final TMDL Scenario; “Meets a GM of 206 cfu/100mL; *Upstream Gillie Creek meets a GM of 126 cfu/100mL; primary contract recreational use standard;
*Downstream Gillie Creek meets a GM of 630 cfu/100mL; secondary contract recreational use standard
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Considering the City of Richmond’s estimated high cost for containing/treating overflows
to meet water quality standards during extreme storm events in the Gillie Creek trapezoid
($230 - $300 million), there is a concern that this expenditure does not appear to be
practical or cost-effective when compared with the marginal benefit of the swimming
use, based on the City's cost estimates. A temporary use removal in the Gillie Creek
trapezoid during extreme storm overflows is a prudent option to consider in this

impairment.

In situations similar to Gillie Creek, EPA has allowed states to use TMDL reports as
technical support documents in the UAA process to make use modifications when
necessary. Some states have followed EPA’s suggestion by integrating TMDLs with the
use modification and implementation planning processes. Following is an excerpt of
Virginia’s Water Quality Standard 9 VAC 25-260-10.1:, which guides the Board

regarding the removal of designated uses:
I. The board may not remove designated uses if:

1. They are existing uses, unless a use requiring more stringent criteria is
added; or

2. Such uses will be attained by implementing effluent limits required under §§
301(b)(1)(A) and (B) and 306 of the Clean Water Act and by implementing
cost-effective and reasonable best management practices for nonpoint

source control.

The path forward for the Gillie Creek trapezoid concrete channel portion of the TMDL,
the TMDL Implementation Plan (IP), and a possible Use Attainability Analysis (UAA)
may include the following:

e Complete TMDL: The TMDL allocations shown in Tables 5-16 and 5-17 (below)

are prepared to meet the current geometric mean water quality standard criterion.

However, attainment of the designated use will be further evaluated in the TMDL

IP phase and a UAA may be conducted. The modeling results for the scenarios
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presented in Table 5-14 may be used as part of the technical support in the

development of a UAA.

Prepare TMDL IP: As part of the TMDL IP, additional data will be collected that
may support the development of a UAA. Items that should be further evaluated in
the TMDL IP include:

o Evaluation of the James River at the confluence with Gillie Creek: Section
131.10(b) of the CWA indicates that a UAA shall take into “consideration

downstream waters and ensuring that WQS provide for the attainment and
maintenance of downstream standards”. TMDL modeling results have
indicated that no additional reductions to CSOs in Gillie Creek beyond
Alternative E are required to meet the water quality standards in the James
River at all subwatershed outlets. Preliminary modeling results of the
impact of a Gillie Creek bacterial plume on the James River at Rocketts
Landing indicate that no additional reductions to CSOs in Gillie Creek
beyond Alternative E may be required to meet the WQS in the James
River. Also, DEQ is collecting additional monitoring data to verify the
extent of the bacterial plume and the influence of Gillie Creek on the
James River. All of which will be documented in the TMDL IP.

o Warning System: In addition to the existing signs discouraging primary

and secondary body contact recreation, a real time alert signal is an
important component of a possible temporary use removal, which should
be detailed in the TMDL IP.

Use Attainability Analysis (UAA, should one be necessary): The TMDL and the

IP would serve as technical support documents in the development of a UAA. A
UAA would need to be prepared to address all the regulatory provisions identified
in 40 CFR 131.10. EPA’s Water Quality Standards Handbook includes guidance
on the basic steps for determining how and when a designated use may be
removed/modified (EPA, 1983). The steps would be fully documented in a UAA.
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Figure 5.5 shows the existing and allocated monthly geometric mean E. coli
concentrations from Gillie Creek impairment outlet. This graph shows existing

conditions in black, with allocated conditions overlaid in blue.
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Figure 5.5  Existing and allocated monthly geometric mean in-stream E. coli
concentrations in subwatershed 40, Gillie Creek impairment outlet.

Table 5.15 contains estimates of existing and allocated in-stream E. coli loads at the
Gillie Creek impairment outlet reported as average annual cfu per year. The estimates in
Table 5.15 are generated from available data, and these values are specific to the
impairment outlet for the allocation rainfall for the current land use distribution in the
watershed. The percent reductions needed to meet zero percent violations of the 126-

cfu/100mL geometric mean standard are given in the final column.
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In Appendix C, Tables C.13 through C.16 include the land-based fecal coliform load
distributions and offer more details for specific implementation development and source

assessment evaluation.

Table 5.15  Estimated existing and allocated E. coli in-stream loads in the Gillie
Creek impairment.

Total Annual Loading  Total Annual Loading

Source for Existing Run for Allocation Run Percer_1t
Reduction
(cfulyr) (cfulyr)
Land Based
Barren 1.26E+10 1.26E+10 0%
Commercial 3.57E+10 3.57E+10 0%
Cropland 5.11E+09 5.11E+09 0%
Forest 7.78E+10 7.78E+10 0%
Livestock Access 0.00E+00 0.00E+00 0%
Low and Medium 3.35E+13 2.01E+12 94%
Density Residential
Open Space 8.98E+11 8.98E+11 0%
Pasture 2.39E+11 2.39E+11 0%
Wetland 1.45E+09 1.45E+09 0%
Direct
Human 7.01E+12 0.00E+00 100%
Livestock 2.76E+11 2.76E+11 0%
Wildlife 4.39E+11 4.39E+11 0%
Permitted Sources 0.00E+00 0.00E+00 0%
Future Growth 0.00E+00 6.29E+10 NA
CSOs CSO Loads 4.46E+13 2.23E+12 95%
Total Loads 8.71E+13 6.29E+12 92.8%

Table 5.16 shows the average annual TMDL, which gives the average amount of bacteria
that can be present in the stream in a given year, and still meet the existing water quality
standard. These values are output from the HSPF model and incorporate in-stream die-
off and other hydrological and environmental processes involved during runoff and
stream routing techniques within the HSPF model framework. The City of Richmond,
Henrico County, and VDOT currently have Municipal Separate Storm Sewer System
(MS4) permits, which are partly in the Gillie Creek drainage area. In most cases, MS4
areas are overlapping or intertwined and there is currently no standardized methodology
for disaggregating the MS4 loads to assign individual Waste Load Allocations. EPA,
DEQ and DCR support the aggregation of MS4 WLAs for this reason. Additionally,
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aggregation encourages stakeholder cooperation and speeds the implementation of
appropriate BMPs to address reductions required by the TMDL. To account for future
growth of urban and residential human populations, one percent of the final TMDL was
set aside for future growth in the WLA portion.

Table5.16  Final average annual cumulative in-stream E. coli bacterial loads
(cfulyear) modeled after TMDL allocation in the Gillie Creek

impairment.
Impairment WLA LA MOS TMDL
Gillie Creek 2.93E+12 3.36E+12 6.29E+12
MS4 City of Richmond !
MSA VDOT } 6.28E+10
MS4 Henrico County !
VIS4 VDOT } 5.78E+11
VA0063177: CSOs 2 2.23E+12
Future Load * 6.29E+10

! Each of the municipality MS4 loads has been aggregated with a portion of the adjacent VDOT MS4 load,
due to the continuity of the system. For MS4/VSMP permits, the permittee may address the TMDL WLAsS
for stormwater through the iterative implementation of programmatic BMPs.

2 The WLA associated with the combined sewer system will be addressed through the performance
standards for the facilities in the approved Long Term Control Plan (LTCP). If WQSs are not attained after
the completion of CSO LTCP as determined by post-construction monitoring, additional steps may be
required per EPA CSO Policy at IV.B.2.g.

®The WLA reflects an allocation for potential future permits issued for bacteria control.

Starting in 2007, the USEPA has mandated that TMDL studies include a daily load as
well as the average annual load previously shown. The approach to developing a daily
maximum load was similar to the USEPA approved approach to developing load duration
bacterial TMDLs. Specifically, the daily TMDL is calculated using the 99th percentile
daily flow condition at the numeric water quality criterion of 235 cfu/100ml. The daily
WLA is the annual divided by 365 and the daily LA is the difference between the TMDL

and WLA. The daily average in-stream loads for Gillie Creek are shown in Table 5.17.
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Table 5.17  Final average daily cumulative in-stream E. coli bacterial loads
(cfu/day) modeled after TMDL allocation in the Gillie Creek

impairment.
Impairment WLA* LA MOS TMDL?
Gillie Creek 8.03E+09 1.58E+12 1.59E+12
MS4 City of Richmond !
St VDOT } 1.72E+08
MS4 Henrico County !
MSA VOO } 1.58E+09
VA0063177: CSOs * 6.11E+09
Future Load * 1.72E+08

! Each of the municipality MS4 loads has been aggregated with a portion of the adjacent VDOT MS4 load,
due to the continuity of the system. For MS4/VSMP permits, the permittee may address the TMDL WLAs
for stormwater through the iterative implementation of programmatic BMPs.

2The TMDL is presented for the 99th percentile daily flow condition at the numeric water quality criterion
of 235 cfu/100ml. The TMDL is variable depending on flow conditions. The numeric water quality
criterion associated with the geometric mean may be used to assess progress toward TMDL goals.

® The WLA associated with the combined sewer system will be addressed through the performance
standards for the facilities in the approved Long Term Control Plan (LTCP). If WQSs are not attained after
the completion of CSO LTCP as determined by post-construction monitoring, additional steps may be
required per EPA CSO Policy at IV.B.2.g.

*The WLA reflects an allocation for potential future permits issued for bacteria control.

5.4.5 Goode Creek

Table 5.18 shows allocation scenarios used to determine the final TMDL for Goode
Creek. Because Virginia’s standard does not permit any exceedances, modeling was
conducted for a target value of 0% exceedance of the VADEQ riverine primary contact
recreational (swimming) use standard (126 cfu/100mL geometric mean). The existing
condition, Scenario 1, shows the violation percentage with no reductions. Although the
existing conditions had violations, Scenario 2 (eliminating non-permitted direct human
inputs) showed improvement. Scenario 3 showed that eliminating direct livestock would
not benefit water quality. A typical management scenario, Scenario 4, shows 47%
standard violations. Scenario 5 shows 100% reductions to all anthropogenic sources,
showing that reductions to wildlife loads are not required. The first 5 scenarios are

explained in more detail in Section 5.4.

Scenario 6 has a 96% reduction to low and medium intensity residential (LMIR) nonpoint

source loads and a 100% correction of straight pipes and non-permitted sewer overflows.
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This scenario met the standard. Therefore, the final TMDL was developed using

Scenario 6.

Scenario 7 meets a geometric mean of 206 cfu/100mL. This scenario may be used as a
first target, or Stage I, goal during the implementation of best management practices
(BMPs).
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Table 5.18  Allocation scenarios for reducing current bacteria loads in Goode Creek (subwatershed 19).

Percent Reductions to Existing Bacteria Loads

VADEQ E. coli
Human and  Standard
Wildlife Land Agricultural Human Pet Land percent
Based Land Based Direct Based violations
Barren,
Commercial, Cropland,
Wildlife Forest, HIR, Livestock Pasture, Straight
Scenario  Direct  Wetlands Direct LAX Pipes LMIR >126 GM
1 0 0 0 0 0 0 98.33
2 0 0 0 0 100 0 70.00
3 0 0 100 0 100 0 70.00
4 0 0 90 50 100 50 46.67
5 0 0 100 100 100 100 0.00
6' 0 0 0 0 100 96 0.00
7° 0 0 0 0 100 90 NA

'Final TMDL Scenario
’Meets a GM of 206 cfu/100mL; possible Stage I scenario
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Figure 5.6 shows the existing and allocated monthly geometric mean E. coli
concentrations from Goode Creek impairment outlet. This graph shows existing

conditions in black, with allocated conditions overlaid in blue.

10,000 -

WWWW

100 ~

10

Monthly Geometric Mean E. coli (cfu/100 ml)

T T T T T T T T T T T T T T T T T T T
<t <t <t <t [Te] [T} [Te] [Te] (Lo} o (Lo} © ~ ~ ~ ~ o] [e0] [e0) o]
~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ N~ ~ ~ N~ ~ ~ ~ ~
[N S S N ST S Sl o S S S S Aol Aol Aol Sl AR AR AR
— <t ~ o — <t M~ o — <t ~ o — <t ~ o — <t M~ o
— — — — —
Date

— Existing — Allocated — Geometric Mean Standard (126 cfu/100mL)

Figure 5.6  Existing and allocated monthly geometric mean in-stream E. coli
concentrations in subwatershed 19, Goode Creek impairment
outlet.

Table 5.19 contains estimates of existing and allocated in-stream E. coli loads at the
Goode Creek impairment outlet reported as average annual cfu per year. The estimates in
Table 5.19 are generated from available data, and these values are specific to the
impairment outlet for the allocation rainfall for the current land use distribution in the
watershed. The percent reductions needed to meet zero percent violations of the 126-

cfu/100mL geometric mean standard are given in the final column.
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In Appendix C, Tables C.17 through C.20 include the land-based fecal coliform load
distributions and offer more details for specific implementation development and source

assessment evaluation.

Table 5.19  Estimated existing and allocated E. coli in-stream loads in the Goode
Creek impairment.

Total Annual Loading  Total Annual Loading

Source for Existing Run for Allocation Run Percent
Reduction
(cfulyr) (cfulyr)
Land Based
Barren 8.99E+09 8.99E+09 0%
Commercial 4.23E+11 4.23E+11 0%
Cropland 0.00E+00 0.00E+00 0%
Forest 1.70E+11 1.70E+11 0%
Livestock Access 0.00E+00 0.00E+00 0%
[;‘;]"S"ig/”g:gi‘é‘i'#t?;l 6.98E+13 2.79E+12 96%
Open Space 1.90E+12 1.90E+12 0%
Pasture 0.00E+00 0.00E+00 0%
Wetland 2.70E+09 2.70E+09 0%
Direct
Human 1.58E+12 0.00E+00 100%
Livestock 1.68E+06 1.68E+06 0%
Wildlife 2.71E+11 2.71E+11 0%
Permitted Sources 0.00E+00 0.00E+00 0%
Future Growth 0.00E+00 5.62E+10 NA
Total Loads 7.42E+13 5.62E+12 92.4%

Table 5.20 shows the average annual TMDL, which gives the average amount of bacteria
that can be present in the stream in a given year, and still meet the existing water quality
standard. These values are output from the HSPF model and incorporate in-stream die-
off and other hydrological and environmental processes involved during runoff and
stream routing techniques within the HSPF model framework. The City of Richmond,
the Hunter Holmes McGuire VA Hospital, and VDOT currently have Municipal Separate
Storm Sewer System (MS4) permits, which are partly in the Goode Creek drainage area.
In most cases, MS4 areas are overlapping or intertwined and there is currently no

standardized methodology for disaggregating the MS4 loads to assign individual Waste
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Load Allocations. EPA, DEQ and DCR support the aggregation of MS4 WLAs for this
reason. Additionally, aggregation encourages stakeholder cooperation and speeds the
implementation of appropriate BMPs to address reductions required by the TMDL. To
account for future growth of urban and residential human populations, one percent of the
final TMDL was set aside for future growth in the WLA portion.

Table 5.20  Final average annual cumulative in-stream E. coli bacterial loads
(cfulyear) modeled after TMDL allocation in the Goode Creek

impairment.
Impairment WLA LA MOS TMDL
Goode Creek 252E+12 3.10E+12 5.62E+12
: H 1,2
MS4 (,\:/:tsao\';ggmo”d 2 27E+12
McGuire VA Hospital ? 1.98E+11
Future Load * 5.62E+10

I The City of Richmond MS4 load has been aggregated with a portion of the adjacent VDOT MS4 load, due
to the continuity of the system.

2 For MS4/VSMP permits, the permittee may address the TMDL WLAs for stormwater through the
iterative implementation of programmatic BMPs.

®The WLA reflects an allocation for potential future permits issued for bacteria control.

Starting in 2007, the USEPA has mandated that TMDL studies include a daily load as
well as the average annual load previously shown. The approach to developing a daily
maximum load was similar to the USEPA approved approach to developing load duration
bacterial TMDLs. Specifically, the daily TMDL is calculated using the 99th percentile
daily flow condition at the numeric water quality criterion of 235 cfu/100ml. The daily
WLA is the annual divided by 365 and the daily LA is the difference between the TMDL
and WLA. The daily average in-stream loads for Goode Creek are shown in Table 5.21.
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Table 5.21  Final average daily cumulative in-stream E. coli bacterial loads
(cfu/day) modeled after TMDL allocation in the Goode Creek

impairment.
Impairment WLA LA  MOS TMDL®
Goode Creek 7.45E+09 8.58E+11 8.65E+11
H H 1,2
MSe Cly O penmond } 6.75E+09
McGuire VA Hospital 5.42E+08
Future Load * 1.54E+08

' The City of Richmond MS4 load has been aggregated with a portion of the adjacent VDOT MS4 load, due
to the continuity of the system.

2 For MS4/VSMP permits, the permittee may address the TMDL WLAs for stormwater through the
iterative implementation of programmatic BMPs.

®The TMDL is presented for the 99th percentile daily flow condition at the numeric water quality criterion
of 235 cfu/100ml. The TMDL is variable depending on flow conditions. The numeric water quality
criterion associated with the geometric mean may be used to assess progress toward TMDL goals.

*The WLA reflects an allocation for potential future permits issued for bacteria control.

5.4.6 No Name Creek

Table 5.22 shows allocation scenarios used to determine the final TMDL for No Name
Creek. Because Virginia’s standard does not permit any exceedances, modeling was
conducted for a target value of 0% exceedance of the VADEQ riverine primary contact
recreational (swimming) use standard (126 cfu/100mL geometric mean). The existing
condition, Scenario 1, shows the violation percentage with no reductions. Although the
existing conditions had 100% violations, Scenario 2 (eliminating non-permitted direct
human inputs) showed dramatic improvement. Scenario 3 showed that eliminating direct
livestock would not benefit water quality. A typical management scenario, Scenario 4,
shows 35% standard violations. Scenario 5 shows 100% reductions to all anthropogenic
sources, showing that reductions to wildlife loads are not required. The first 5 scenarios
are explained in more detail in Section 5.4.

Scenario 6 has a 94% reduction to agricultural and to low and medium intensity
residential (LMIR) nonpoint source loads, a 100% reduction to direct livestock loads and
a 100% correction of straight pipes and non-permitted sewer overflows. This scenario
has 1.67% violations of the standard. With a 0.5% more reduction to low and medium
intensity residential (LMIR) nonpoint source loads and a 100% correction of straight
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pipes and non-permitted sewer overflows, Scenario 7 meets the standard. Therefore, the

final TMDL was developed using Scenario 7.

Scenario 8 meets a geometric mean of 206 cfu/100mL. This scenario may be used as a
first target, or Stage I, goal during the implementation of best management practices
(BMPs).
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Table 5.22  Allocation scenarios for reducing current bacteria loads in No Name Creek (subwatershed 23).

Percent Reductions to Existing Bacteria Loads

VADEQ E. coli
Human and  Standard
Wildlife Land Agricultural Human Pet Land percent
Based Land Based Direct Based violations
Barren,
Commercial, Cropland,
Wildlife Forest, HIR, Livestock Pasture, Straight
Scenario  Direct  Wetlands Direct LAX Pipes LMIR >126 GM
1 0 0 0 0 0 0 100.00
2 0 0 0 0 100 0 56.67
3 0 0 100 0 100 0 56.67
4 0 0 90 50 100 50 35.00
5 0 0 100 100 100 100 0.00
6 0 0 100 94 100 94 1.67
7t 0 0 0 0 100 945 0
8’ 0 0 0 0 100 87 NA

TFinal TMDL Scenario
*Meets a GM of 206 cfu/100mL; possible Stage | scenario
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Figure 5.7 shows the existing and allocated monthly geometric mean E. coli
concentrations from No Name Creek impairment outlet. This graph shows existing

conditions in black, with allocated conditions overlaid in blue.
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Figure 5.7  Existing and allocated monthly geometric mean in-stream E. coli
concentrations in subwatershed 23, No Name Creek impairment
outlet.

Table 5.23 contains estimates of existing and allocated in-stream E. coli loads at the No
Name Creek impairment outlet reported as average annual cfu per year. The estimates in
Table 5.23 are generated from available data, and these values are specific to the
impairment outlet for the allocation rainfall for the current land use distribution in the
watershed. The percent reductions needed to meet zero percent violations of the 126-

cfu/100mL geometric mean standard are given in the final column.
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In Appendix C, Tables C.33 through C.36 include the land-based fecal coliform load
distributions and offer more details for specific implementation development and source

assessment evaluation.

Table 5.23  Estimated existing and allocated E. coli in-stream loads in the No
Name Creek impairment.

Total Annual Loading  Total Annual Loading

Source for Existing Run for Allocation Run Percent
Reduction
(cfulyr) (cfulyr)
Land Based
Barren 1.85E+09 1.85E+09 0%
Commercial 8.97E+10 8.97E+10 0%
Cropland 5.13E+10 5.13E+10 0%
Forest 3.07E+11 3.07E+11 0%
Livestock Access 0.00E+00 0.00E+00 0%
[;‘;]"S"ig/”g:gi‘é‘i'#t?;l 9.57E+12 5.26E+11 94.5%
Open Space 5.20E+11 5.20E+11 0%
Pasture 3.83E+10 3.83E+10 0%
Wetland 4.01E+10 4.01E+10 0%
Direct
Human 1.45E+12 0.00E+00 100%
Livestock 4.19E+05 4.19E+05 0%
Wildlife 2.20E+10 2.20E+10 0%
Permitted Sources 0.00E+00 0.00E+00 0%
Future Growth 0.00E+00 1.61E+10 NA
Total Loads 1.21E+13 1.61E+12 86.7%

Table 5.24 shows the average annual TMDL, which gives the average amount of bacteria
that can be present in the stream in a given year, and still meet the existing water quality
standard. These values are output from the HSPF model and incorporate in-stream die-
off and other hydrological and environmental processes involved during runoff and
stream routing techniques within the HSPF model framework. The Defense Supply
Center, Chesterfield County, and VDOT currently have Municipal Separate Storm Sewer
System (MS4) permits, which are partly in the No Name Creek drainage area. In most
cases, MS4 areas are overlapping or intertwined and there is currently no standardized
methodology for disaggregating the MS4 loads to assign individual Waste Load
Allocations. EPA, DEQ and DCR support the aggregation of MS4 WLAs for this
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reason. Additionally, aggregation encourages stakeholder cooperation and speeds the
implementation of appropriate BMPs to address reductions required by the TMDL. To
account for future growth of urban and residential human populations, one percent of the
final TMDL was set aside for future growth in the WLA portion.

Table 5.24  Final average annual cumulative in-stream E. coli bacterial loads
(cfulyear) modeled after TMDL allocation in the No Name Creek

impairment.
Impairment WLA LA MOS TMDL
No Name Creek 4.66E+11 1.15E+12 1.61E+12
MS4 Defense Supply Center — Richmond * 1.23E+11
H 1,2
MS4 Cﬁ;;e\r;ggiTCounty } 397E+11
Future Load 1.61E+10

I For MS4/VSMP permits, the permittee may address the TMDL WLAs for stormwater through the
iterative implementation of programmatic BMPs.

2 The Chesterfield County MS4 load has been aggregated with a portion of the adjacent VDOT MS4 load,
due to the continuity of the system.

®The WLA reflects an allocation for potential future permits issued for bacteria control.

Starting in 2007, the USEPA has mandated that TMDL studies include a daily load as
well as the average annual load previously shown. The approach to developing a daily
maximum load was similar to the USEPA approved approach to developing load duration
bacterial TMDLs. Specifically, the daily TMDL is calculated using the 99th percentile
daily flow condition at the numeric water quality criterion of 235 cfu/100ml. The daily
WLA is the annual divided by 365 and the daily LA is the difference between the TMDL
and WLA. The daily average in-stream loads for No Name Creek are shown in Table
5.25.
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Table 5.25  Final average daily cumulative in-stream E. coli bacterial loads
(cfu/day) modeled after TMDL allocation in the No Name Creek

impairment.
Impairment WLA LA MOS TMDL*
No Name Creek 1.28E+09 2.32E+11 2.33E+11
MS4 Defense Supply Center — Richmond * 3.38E+08
H 1,2
MS4 Cp;;ie\r)‘lljelct)j_rmunty } 8.95E-408
Future Load * 4.42E+07

' For MS4/VSMP permits, the permittee may address the TMDL WLAs for stormwater through the
iterative implementation of programmatic BMPs.

2 The Chesterfield County MS4 load has been aggregated with a portion of the adjacent VDOT MS4 load,
due to the continuity of the system.

®The WLA reflects an allocation for potential future permits issued for bacteria control.

*The TMDL is presented for the 99th percentile daily flow condition at the numeric water quality criterion
of 235 cfu/100ml. The TMDL is variable depending on flow conditions. The numeric water quality
criterion associated with the geometric mean may be used to assess progress toward TMDL goals.

5.4.7 Powhite Creek

Table 5.26 shows allocation scenarios used to determine the final TMDL for Powhite
Creek. Because Virginia’s standard does not permit any exceedances, modeling was
conducted for a target value of 0% exceedance of the VADEQ riverine primary contact
recreational (swimming) use standard (126 cfu/100mL geometric mean). The existing
condition, Scenario 1, shows the violation percentage with no reductions. Although the
existing conditions had violations, Scenario 2 (eliminating non-permitted direct human
inputs) showed improvement. Scenario 3 showed that eliminating direct livestock would
slightly benefit water quality. A typical management scenario, Scenario 4, shows 8%
standard violations. Scenario 5 shows 100% reductions to all anthropogenic sources,
showing that reductions to wildlife loads are not required. The first 5 scenarios are
explained in more detail in Section 5.4.

Scenario 6 has an 86% reduction to low and medium intensity residential (LMIR)
nonpoint source loads, a 40% reduction to direct livestock loads and a 100% correction of
straight pipes and non-permitted sewer overflows and meets the standard. Therefore, the
final TMDL was developed using Scenario 6.
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Scenario 7 meets a geometric mean of 206 cfu/100mL. This scenario may be used as a

first target, or Stage I, goal during the implementation of best management practices
(BMPs).
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Table 5.26  Allocation scenarios for reducing current bacteria loads in Powhite Creek (subwatershed 17).

Percent Reductions to Existing Bacteria Loads

VADEQ E. coli
Human and  Standard
Wildlife Land Agricultural Human Pet Land percent
Based Land Based Direct Based violations
Barren,
Commercial, Cropland,
Wildlife Forest, HIR, Livestock Pasture, Straight
Scenario  Direct  Wetlands Direct LAX Pipes LMIR >126 GM
1 0 0 0 0 0 0 36.67
2 0 0 0 0 100 0 13.33
3 0 0 100 0 100 0 13.33
4 0 0 90 50 100 50 8.33
5 0 0 100 100 100 100 0.00
6' 0 0 40 0 100 86 0.00
7° 0 0 0 0 100 62 NA

'Final TMDL Scenario
’Meets a GM of 206 cfu/100mL; possible Stage I scenario
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Figure 5.8 shows the existing and allocated monthly geometric mean E. coli
concentrations from Powhite Creek impairment outlet. This graph shows existing

conditions in black, with allocated conditions overlaid in blue.
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Figure 5.8  Existing and allocated monthly geometric mean in-stream E. coli
concentrations in subwatershed 17, Powhite Creek impairment
outlet.

Table 5.27 contains estimates of existing and allocated in-stream E. coli loads at the
Powhite Creek impairment outlet reported as average annual cfu per year. The estimates
in Table 5.27 are generated from available data, and these values are specific to the
impairment outlet for the allocation rainfall for the current land use distribution in the
watershed. The percent reductions needed to meet zero percent violations of the 126-

cfu/100mL geometric mean standard are given in the final column.

In Appendix C, Tables C.37 through C.40 include the land-based fecal coliform load

distributions and offer more details for specific implementation development and source

ALLOCATION 5-49



TMDL Development James River — City of Richmond, VA

assessment evaluation. The percent reductions needed to meet zero percent violations of

all applicable water quality standard are given in the final column.

Table 5.27  Estimated existing and allocated E. coli in-stream loads in the Powhite
Creek impairment.

Total Annual Loading  Total Annual Loading

Source for Existing Run for Allocation Run Percer_lt
Reduction
(cfulyr) (cfulyr)
Land Based
Barren 2.15E+09 2.15E+09 0%
Commercial 1.21E+10 1.21E+10 0%
Cropland 1.51E+06 1.51E+06 0%
Forest 5.95E+12 5.95E+12 0%
Livestock Access 0.00E+00 0.00E+00 0%
Low and Medium
Dezsit‘; gesi‘;‘é#ﬁal 1.02E+15 1.42E+14 86%
Open Space 1.82E+14 1.82E+14 0%
Pasture 4.96E+10 4.96E+10 0%
Wetland 1.21E+10 1.21E+10 0%
Direct
Human 8.83E+11 0.00E+00 100%
Livestock 3.35E+10 2.01E+10 40%
Wildlife 3.48E+05 3.48E+05 0%
Permitted Sources 1.74E+09 1.74E+09 0%
Future Growth 0.00E+00 3.34E+12 NA
Total Loads 1.21E+15 3.34E+14 72.3%

Table 5.28 shows the average annual TMDL, which gives the average amount of bacteria
that can be present in the stream in a given year, and still meet the existing water quality
standard. These values are output from the HSPF model and incorporate in-stream die-
off and other hydrological and environmental processes involved during runoff and
stream routing techniques within the HSPF model framework. To account for future
growth of urban and residential human populations, one percent of the final TMDL was

set aside for future growth in the WLA portion.
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Table 5.28  Final average annual cumulative in-stream E. coli bacterial loads
(cfulyear) modeled after TMDL allocation in the Powhite Creek

impairment.
Impairment WLA LA MOS TMDL
Powhite Creek 3.34E+12 3.31E+14 3.34E+14

VAG404219* 1.74E+09

Future Load ®° 3.34E+12
! Any issued permit will include bacteria effluent limits in accordance with applicable permit guidance and
will ensure that the discharge meets the applicable numeric water quality criteria for bacteria at the end-of-
pipe.
*The WLA reflects an allocation for potential future permits issued for bacteria control.

Starting in 2007, the USEPA has mandated that TMDL studies include a daily load as
well as the average annual load previously shown. The approach to developing a daily
maximum load was similar to the USEPA approved approach to developing load duration
bacterial TMDLs. Specifically, the daily TMDL is calculated using the 99th percentile
daily flow condition at the numeric water quality criterion of 235 cfu/100ml. The daily
WLA is the annual divided by 365 and the daily LA is the difference between the TMDL

and WLA. The daily average in-stream loads for Powhite Creek are shown in Table 5.29.

Table 5.29  Final average daily cumulative in-stream E. coli bacterial loads
(cfu/day) modeled after TMDL allocation in the Powhite Creek

impairment.
Impairment WLA LA MOS TMDL?
Powhite Creek 9.15E+09 1.29E+12 1.30E+12

VAG404219 1 4.77E+06

Future Load® 9.15E+09

T Any issued permit will include bacteria effluent limits in accordance with applicable permit guidance and
will ensure that the discharge meets the applicable numeric water quality criteria for bacteria at the end-of-
pipe.

“The TMDL is presented for the 99th percentile daily flow condition at the numeric water quality criterion
of 235 cfu/100ml. The TMDL is variable depending on flow conditions. The numeric water quality
criterion associated with the geometric mean may be used to assess progress toward TMDL goals.

®The WLA reflects an allocation for potential future permits issued for bacteria control.

5.4.8 Reedy Creek

Table 5.30 shows allocation scenarios used to determine the final TMDL for Reedy

Creek. Because Virginia’s standard does not permit any exceedances, modeling was
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conducted for a target value of 0% exceedance of the VADEQ riverine primary contact
recreational (swimming) use standard (126 cfu/100mL geometric mean). The existing
condition, Scenario 1, shows the violation percentage with no reductions. Although the
existing conditions had violations, Scenario 2 (eliminating non-permitted direct human
inputs) showed improvement and meets the standard. All other scenarios also met the
standard. Scenario 2 also meets a geometric mean of 206 cfu/100mL. This scenario may
be used as a first target, or Stage I, goal during the implementation of best management
practices (BMPs).
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Table 5.30  Allocation scenarios for reducing current bacteria loads in Reedy Creek (subwatersheds 41, 57).

Percent Reductions to Existing Bacteria Loads

VADEQ E. coli
Human and  Standard
Wildlife Land Agricultural Human Pet Land percent
Based Land Based Direct Based violations
Barren,
Commercial, Cropland,
Wildlife Forest, HIR, Livestock Pasture, Straight
Scenario  Direct  Wetlands Direct LAX Pipes LMIR >126 GM
1 0 0 0 0 0 0 10.0
22" 0 0 0 0 100 0 0
3 0 0 100 0 100 0 0
4 0 0 90 50 100 50 0
5 0 0 100 100 100 100 0

TFinal TMDL Scenario

“Meets a GM of 206 cfu/100mL; possible Stage | scenario

*Subsequent 2006 - 2007 monthly bacterial data at 5 sites on Reedy Creek indicate that these upstream segments are impaired to a greater degree than the listed
segment, and reductions of human and pet land-based loads should be considered during the Implementation Planning phase. Modeling to address additional
monitoring data will be done in more detail during the implementation plan development.
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Figure 5.9 shows the existing and allocated monthly geometric mean E. coli
concentrations from Reedy Creek impairment outlet. This graph shows existing

conditions in black, with allocated conditions overlaid in blue.
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Figure 5.9  Existing and allocated monthly geometric mean in-stream E. coli
concentrations in subwatershed 41, Reedy Creek impairment
outlet.

Table 5.31 contains estimates of existing and allocated in-stream E. coli loads at the
Reedy Creek impairment outlet reported as average annual cfu per year. The estimates in
Table 5.31 are generated from available data, and these values are specific to the
impairment outlet for the allocation rainfall for the current land use distribution in the
watershed. The percent reductions needed to meet zero percent violations of the 126-
cfu/100mL geometric mean standard are given in the final column. The only reductions
needed in Reedy Creek were from straight pipes and sewer overflows; this load was less
than the typical load calculated for the future growth (1% of the TMDL). Therefore, the
future growth was calculated as half of the straight pipe load. If the future growth load is
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needed for a future permit as 1% of the TMDL, reductions would need to be made to
another bacteria source. A 1% reduction from low and medium intensity residential
(LMIR) would be enough reduction to still meet the TMDL.

In Appendix C, Tables C.41 through C.44 include the land-based fecal coliform load
distributions and offer more details for specific implementation development and source
assessment evaluation. The percent reductions needed to meet zero percent violations of

the water quality standard are given in the final column.

Table 5.31  Estimated existing and allocated E. coli in-stream loads in the Reedy
Creek impairment.

Total Annual Loading  Total Annual Loading

Source for Existing Run for Allocation Run Perce’?t
Reduction
(cfulyr) (cfulyr)
Land Based
Barren 3.62E+05 3.62E+05 0%
Commercial 1.23E+11 1.23E+11 0%
Cropland 0.00E+00 0.00E+00 0%
Forest 1.83E+10 1.83E+10 0%
Livestock Access 0.00E+00 0.00E+00 0%
[;‘;]"S"ig/”g:gi‘é‘i'#t?;l 1.76E+14 1.76E+14 0%
Open Space 2.69E+12 2.69E+12 0%
Pasture 0.00E+00 0.00E+00 0%
Wetland 2.95E+04 2.95E+04 0%
Direct
Human 4.31E+11 0.00E+00 100%
Livestock 1.38E+06 1.38E+06 0%
Wildlife 5.83E+10 5.83E+10 0%
Permitted Sources 0.00E+00 0.00E+00 0%
Future Growth 0.00E+00 2.15E+11 NA
Total Loads 1.797E+14 1.795E+14 0.1%

Monitoring data used during fecal coliform model calibration was collected from
10/1/1999 to 9/30/2003. This data had a violation rate of 0% (fecal coliform
>400cfu/100mL). The results of the model showed a calibrated violation rate of 23% at
the outlet of Reedy Creek (fecal coliform >400cfu/100mL) during this time period (Table

4.13). The E. coli data available during TMDL development showed a violation rate of
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27% (E. coli >235cfu/100mL). More recent E. coli concentration data collected as the
TMDL was being developed is shown in Table 5.32. The more recent Reedy Creek E.
coli data has violation rates from 42% to 81%. Also additional BST data was collected in
Reedy Creek during TMDL development (Table 5.33). These more recent results show
more violations of the single sample standard, but also show a similar percentage
breakdown between the four animal groups. Wildlife is still the most dominant source of

fecal bacteria to Reedy Creek, with pet and livestock at the next highest percentages.

Table 5.32  Summary of E. coli (cfu/100 mL) data collected by VADEQ from
January 2006 - June 2007.

Stream Station Date Count Min Max Mean Median Star)dqrd Violation %
Deviation

Reedy Creek 2-RDD000.19 01/06-06/07 18 34 7,700 763 285 1,775 50.0%

Reedy Creek 2-RDD000.99 01/06-12/06 12 27 7,200 1,018 115 2,097 41.7%

Reedy Creek 2-RDDO001.57 01/06-03/08 16 5 8,000 1,939 730 2,535 81.3%

Reedy Creek 2-RDD002.61 01/06-12/06 11 13 8,000 983 170 2,360 45.5%

Reedy Creek 2-RDD003.61 01/06-12/06 11 28 6,900 943 170 2,022 45.5%

Table 5.33  Summary of bacterial source tracking results from water samples
collected in the Reedy Creek impairment (2-RDD001.57).

Date Number E. coli’ Percent Isolates classified as’:

of Isolates (cfu/100 ml) Wildlife Human Livestock Pet

1/30/2008 24 1,070 100% 0% 0% 0%
2/13/2008 9 >2,000 44% 44% 12% 0%
3/5/2008 21 1,960 95% 0% 5% 0%

4/14/2008 NVI >2,000 NVI NVI NVI NVI
5/14/2008 2 1,380 50% 0% 50% 0%
7/7/2008 24 >2,000 88% 4% 4% 4%

7/28/2008 15 >2,000 60% 0% 40% 0%
9/17/2008 24 >2,000 67% 0% 8% 25%
10/1/2008 9 >2,000 67% 0% 33% 0%
10/28/2008 17 >2,000 24% 41% 0% 35%
12/1/2008 16 >2,000 6% 25% 63% 6%
12/16/2008 23 1,950 57% 0% 17% 26%

Isolate and percent weighted average
proportions of E. coli:
Bold type indicates this sample violates the instantaneous standard (235 cfu/100mL).
“Bold type indicates a statistically significant value.
NVI=No Viable Isolates

63% 9% 17% 11%
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The small pond/wetland near the outlet of Reedy Creek may have allowed for settling and
die-off of bacteria, effectively treating the water in Reedy Creek and allowing the earlier
data at DEQ station 2-RDD000.19 to show low bacteria concentrations.  This
pond/wetland was filling up with sediment and becoming less efficient in removing
bacteria over time. The Forest Hill Park lake restoration was completed in October 2009,
returning the depth of the 3.3 acre lake to 9 to 13 feet. The new data shows higher
bacteria concentrations overall at the outlet station 2-RDD000.19. Data was also recently
collected upstream (2-RDDO001.57) of the pond/wetland, and these data show higher
bacteria concentrations than were modeled. Even with this new information, it is
believed that the calculated TMDLs in Tables 5.34 and 5.35 are still applicable and
reasonable. This is because the endpoint (E. coli geometric mean of 126¢fu/100mL) and
the modeled stream flow have not changed. The difference would be in the existing loads
and, therefore, the percent reductions from the updated existing bacteria load to the
allocated load. It is anticipated that updated percent reductions will be determined during
implementation plan development, and will, most likely, come from the low/medium
intensity residential (LMIR) land use. There is no agricultural land and no livestock in

the Reedy Creek watershed.

Table 5.34 shows the average annual TMDL, which gives the average amount of bacteria
that can be present in the stream in a given year, and still meet the existing water quality
standard. These values are output from the HSPF model and incorporate in-stream die-
off and other hydrological and environmental processes involved during runoff and
stream routing techniques within the HSPF model framework. The only reductions
needed in Reedy Creek were from straight pipes and sewer overflows; this load was less
than the typical load calculated for the future growth (1% of the TMDL). Therefore, the

future growth was calculated as half of the straight pipe load.

The City of Richmond, Chesterfield County, and VDOT currently have Municipal
Separate Storm Sewer System (MS4) permits, which are partly in the Reedy Creek
drainage area. There is currently no standardized methodology acceptable to all
stakeholders for disaggregating the VDOT MS4 load from that of the municipality’s MS4

load for assigning waste load allocations, due to the continuity of the drainage systems.

ALLOCATION 5-57



TMDL Development James River — City of Richmond, VA

Therefore, each municipality MS4 permit and its adjacent portion of the VDOT MS4
permit were assigned an aggregated load in the TMDL.

Table 5.34  Final average annual cumulative in-stream E. coli bacterial loads
(cfulyear) modeled after TMDL allocation in the Reedy Creek

impairment.
Impairment WLA LA MOS TMDL
Reedy Creek 6.12E+13  1.18E+14 1.79E+14
: : L
MS4 (,i,:gyf\‘;g'g?mo”d } 5.84E+13
1 1
MS4 Clr\l/tlass;tle\r}‘l[;zlcngCounty 2 60E+12
Future Load ? 2.15E+11

! Each of the municipality MS4 loads has been aggregated with a portion of the adjacent VDOT MS4 load,
due to the continuity of the system. For MS4/VSMP permits, the permittee may address the TMDL WLASs
for stormwater through the iterative implementation of programmatic BMPs.

2The WLA reflects an allocation for potential future permits issued for bacteria control.

Starting in 2007, the USEPA has mandated that TMDL studies include a daily load as
well as the average annual load previously shown. The approach to developing a daily
maximum load was similar to the USEPA approved approach to developing load duration
bacterial TMDLs. Specifically, the daily TMDL is calculated using the 99th percentile
daily flow condition at the numeric water quality criterion of 235 cfu/100ml. The daily
WLA is the annual divided by 365 and the daily LA is the difference between the TMDL
and WLA. The daily average in-stream loads for Reedy Creek are shown in Table 5.35.
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Table 5.35  Final average daily cumulative in-stream E. coli bacterial loads
(cfu/day) modeled after TMDL allocation in the Reedy Creek

impairment.
Impairment WLA LA MOS TMDL?
Reedy Creek 1.68E+11 2.52E+11 4.20E+11
MS4 City of Richmond !
Do } 1.60E+11
MS4 Chesterfield County Y *
MS4 VDOT 7.11E+09
Future Load * 5.90E+08

! Each of the municipality MS4 loads has been aggregated with a portion of the adjacent VDOT MS4 load,
due to the continuity of the system. For MS4/VSMP permits, the permittee may address the TMDL WLAs
for stormwater through the iterative implementation of programmatic BMPs.

2The TMDL is presented for the 99th percentile daily flow condition at the numeric water quality criterion
of 235 cfu/100ml. The TMDL is variable depending on flow conditions. The numeric water quality
criterion associated with the geometric mean may be used to assess progress toward TMDL goals.

®The WLA reflects an allocation for potential future permits issued for bacteria control.

5.4.9 James River segments

Originally the James River within the City of Richmond TMDL was divided into three
impaired segments with an upstream reach that was not impaired (subs 1 and 2). During
the development of this project, subsequent 303(d)/305(b) lists have been completed and
some James River segments were delisted. The James River (upper) segment (VAP-
H39R-11) was delisted in 2006 by meeting the primary contact recreational use. This

segment is the part of the James River that flows within subwatersheds 3 and 4.

A portion of the James River (lower) segment (VAP-H39R-08) was also delisted in 2008
by meeting the primary contact recreational use. The delisted segment flows within
subwatersheds 5, 6 and half of 7; the upstream (Williams’ Island Dam) and downstream
(Boulevard Bridge) boundaries are shown in Figure 5.10. The updated impaired segment
description is from the Boulevard Bridge to the fall line.
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Figure 5.10 The 